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B^IHrviUed from Ths English Mxohanio, 
Jan. 27, 1906. 

TWO USEFUL CHEAP MANUALS. 

If R. GT7ILBERT PITMAN, of 85, Fleet 
in Street^ E.G., is issuing two exoellent and 
cheap manuals, which " ours " will do well at once 
to add to their bookshelves. 

The first, which is published at Sb., is ''Simple 
Decorative Lathe Work," by our old contributor, 
the Rev. James Lukin. The ebject is to enable 
those whose means do not favour the pursuit of tiie 
higher branches of ornamental turning to practise 
the simpler operations, which can be executed at 
little cost, and with inexi>en8ive apparatus. Mr. 
Lukin deals successively with the ornamental slide- 
rest, the drilling instrument^ eccentric, vertical, and 
horizontal cutters, the universal cutter frame, the 
overhead, the diviuoa-plate and index, and the 
eccentric chuck. Everything is fully explained and 
adequately illustrated, and the amateur will follow 
Blr. Lukin without difficulty. 

The second, the price of which is Is. 6d^ is 
"Suburban Homes: their Accessories and £m. 
bellishment," 1^ Mr. J. H. Woolfitt, which will 
be found a perfect gold-mine by the man who de- 
lights to enrich his nome with his own handiwork, 
at once useful and beautiful. Garden porches, 
hall fitments, bureaus, bookcases, music-seats, 
kitchen dreBser-cabinets— whatever the subject is, 
Mr. Woolfitt describes and illustrates its con- 
struction practicallv and comprehensively, and 
the reader who follows him wul have reason to 
congratulate himself . 
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AUTHOR'S PREFACE. 



SO much interest has been shown by all amateurs in the 
construction of electrical apparatus, more especially 
by those who cannot command a well-fitted workshop 
with unlimited tools, that the author feels that no apology 
is needed in placing the following pages before them. 

All the appliances therein described have been actually 
made by him, and in the manner indicated ; and although 
the results are not equal in beauty or in finish to those 
which can be turned out by a worker who has a lathe and 
other suitable tools at his disposition, yet they act well ; 
and this, after all, is the great aim of the maker. 

S. R. BOTTONE. 
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THE 

AMATEUR ELECTRICIAN'S 
WORKSHOP. 



§ I. In the following series of articles we propose 
to explain the manner in which the amateur, possess- 
ing only those tools usually found in a house, can 
construct a few of the more important, useful, and 
interesting pieces of apparatus connected with the 
science of electricity; and although in consequence 
of the restrictions placed upon us in the matter at tools, 
the apparatus will necessarily be somewhat of a 
primitive character, yet we shall endeavour, not only 
to point out the principles on which the attainment 
of the best results depends, but also to carry ihem 
out as far as our appliances will permit 

THE ELECTRO-MOTOR. 

§2. To produce a good continuous current motor, 
it is necessary that the field magnet should be capable 
of taking up a high degree of magnetisation; that 
the armature should run close to the pole pieces in 
order to secure a powerful torque; and it is very 
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2 THE AMATEUR ELECTRlClAlf S WORKSHOP. 

essential so that there be little or no waste oT current 
by heating, that the armature be laminated For this 
reason, we will procure for the construction of the 
field magnets a piece of that very soft iron known 
as ''hoop iron,** such as is used to make the hoops 
that are put round casks, or the bands for the packing 
cases. We shall require a 'piece of that particular 
brand called " builder's hooping/* about 4 ft. long, I in. 
wide, and ^ of an inch thick. This strip we fashion 
into the shape shown at Fig. i. To do this neatly 
we shall require a piece of round broom-handle 1% 
ins. in diameter as a pattern for the curvature A, 
a vice, a pair of pincers, and a flat peen-hammer. 
We begin by placing one inch of the strip between 
the jaws of the vice, and then bend the long 
extremity at right angles to this, as shown at 
a a' in our figure. Great pains must be taken 
to get a nice square bend, truly at right angles 
with the first inch ; and this can be effected by ham- 
mering along the bend. This done, at the point ^, 
2^ ins. from the first bend, we in precisely similar 
manner bend the strip at right angles, outwards, and 
then, using the piece of broom-handle as a pattern 
of the curvature, we bend the iron strip round it for 
a length of i^ ins. This brings us to the point c^ 
whence we continue straight for a length oi 2%, ins., 
which brings us to d. Here we again bend the strip 
inwardly at r^ht angles, with the same precautions 
mentioned above, to ensure the angles being quite 
true and flat In like manner we make an angle at d\ 
whence we proceed to e at 2 ins. from d' ; and here 
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HOW TO MAKE AN BLBCTRO-MOTOR. 3 

we bring the piece of broom-handle again into requisi- 
tion, so as to produce the lower curve c^ A. Having 
made as before a curve i^ ins. in length, we proceed 
straight on to our starting point a. From this point* 
going over the outside oi the long frame thus pro- 
duced, we repeat the bends and angles, folding the 
iron strip over the outside of the frame until two more 
turns have been laid on, ending at /. When this has 
been successfully accomplished, and the angles, and 
more especially the circular space, or " tunnel," made 
quite true — ^this latter being i^ ins. in diameter — ^we 
fasten the whole firmly together by binding it round 
(as neatly and as smoothly as cotton is laid on a reel) 
at the points a a'snd d d\ with one layer of No 22 
soft iron wire, finishing off by twisting the ends of each 
layer together, and cutting off with the pliers. In 
like manner, binders consisting of three turns of the 
same gauge (No. 22) of soft iron wire are tightly wound 
round the points ^, ^, e, and e' just before the beginning 
of the curvature or tunnel A. This completes the field 
magnet proper. The spaces between the binders 
(namely, from ^ to ^ and b to a' at the top^ and d to e 
and c'to al at the bottom) must be carefully dressed 
with tape, to prevent any accidental abrasion of the 
covering of the wire with which the field magnet will 
eventually be wound, which abrasion would result in 
electrical leakage. For this purpose we take a piece 
of tape ^ in. wide, and beginning at ^', close against, 
and just inside the wire binding, we wrap it tightly 
around the iron, lapping it over spirally in the direc- 
tion of a until we readi that comer. Here we stitch 

Digitized by VjOOQIC 



4 TH£ AMATEUR BLECTRICIAlf S WORKSHOP. 




rx^% 




y&r^ Xft CEtB*«B 



rig4. 




r.4.5. 




Digitized by VjOOQIC 



MOW TO MAKE AN ELECTRO-MOTOR. 5 

it down to the subjacent layer, after which we cut ofiF 
the superfluity. In order that this " dressing " should 
lie smoothly, the tape must be pulled very tightly 
vfi^e being wound on. In like manner the spaces 
ato b,€ to d, and d'to e are bound round with tape, 
after which the taping should be painted over with 
good shellac varnish. When this is quite dry and 
hard, we can proceed with the winding. 

§3. For winding the field magnets we shall need 
about % lb. (say ten yards) of No. 18 double cotton- 
covered copper wire, which for convenience of manipu- 
lation should be cut into two equal lengths, and 
made up into two equal and separate hanks, which will 
pass freely into the openings between a a' and d d\ 
Taking one of the hanks^ we straighten out about 
4 ins. of one end, and tie it firmly with a length of 
strong silk twist against the binder at e'^ as shown at 
Fig. 2, whence we proceed to wind — ^very tightly, 
evenly and closely — ^towards the comer a. (The 
purpose of tying the wire at e' is to prevent it from un- 
coiling after winding.) When the comer a has been 
reached, the winding is continued by passing the hank 
to the back of iron at a\ and then winding forwards 
from d to i, where the wire is tied down to the iron 
by silk twist as before, leaving about 4 ins. projecting, 
as at the start, for future attachment to the terminals, 
etc In order to get proper polarity at the tunnel 
A, the direction of winding and the mode of crossing 
over to the upper iron core must be carried out exactly 
as described and figured ; that is» if we begin winding 
the lower core from left over to right, and from riglu 
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6 THE AMATEUR ELECTRICIAN* S WORKSHOP. 

under to left, and so on, we must, on reaching the 
end of the lower winding, cross over to the upper 
core, so that in starting the winding near the 
bend a' we wind from right over to left, and 
from left imder to right; or, in other words, if viewed 
from the starting end e and *, the direction of winding 
and of crossing over would look like a letter S. In 
precisely similar manner, the other two limbs are 
wound with the other hank of wire, beginning at e, 
going on to d\ thence to rf, and ending at c. There 
will therefore be four projecting pieces of wire — ^the 
two commencements at ^and e^ and the two termina- 
tions at b and c. The winding being thus completed, 
it will be well to give the wire two or three coats of 
good shellac varnish, allowing each coat to dry 
thoroughly before appl)dng the succeeding one. 

§ 4. Our next task is to make the armature. This 
consists of sufficient soft iron laminations of the form 
shown at Fig. 3 to make up a depth of about i in. 
These can either be purchased ready made, under the 
name of "Tripolar" laminations, ijl^ ins. in diameter, 
or the amateur can make them himself, if gifted with 
a little perseverance, out of any thin pieces of tinned 
iron, such as old Swiss-milk tins, etc For this purpose 
he will begin by choosing a nice flat piece of tinned 
iron, and striking out on its surface a circle exactly 
1% ins. in diameter with a pair of compasses, taking 
care to make a dbtinct mark at the centre. With a 
pair of snips^ or large scissors, he will cut out carefully 
the cirde thus outlined. In like manner he will cut out 
a sufficient number of discs to make up, when laid one 
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HOW TO MAKE AN ELBCTRO- MOTOR. 7 

upon the other and tightly pressed down, a column 
I in. in height Taking one of the discs, he will mark 
it at three equidistant points round the circumference^ 
and from these points will cut out three squares ^ in. 
deep and % in. wide, precisely as shown in the figure. 
Finally, at the centre mark he will punch or drill a 
circular hole 5^ in. in diameter. If he has been careful 
to make the central hole truly central, and the indenta- 
tions of the same size and at equal distances apart, he 
can, after having flattened out this first lamination, use 
it as a template wherewith to mark the others, which 
he can then cut out as the first Having procured the 
laminations^ the next operation is to mount them on 
a suitable spindle. For this, a piece of round mild 
steel rod % in. diameter, 4 ins. long, is required This 
should be perfectly straight, and should be cleaned up 
with a piece of emery doth. At one inch from the 
end, a piece of No. 18 bare copper wire (previously 
cleaned with emery doth) should be coiled tightly 
round it, three turns being sufiicient The two ends 
of the wire being cut off with a pair of pliers^ the 
three turns of the wire are neatly soldered to the 
spindle, with the aid of a drop of soldering fluid. 
Having washed the junction well to remove any sol- 
dering fluid remaining, the spot is dried, and the sides 
of the first and last turns filed flat, so as to make a 
square shoulder. The laminations are then stnmg on 
the spindle, with the square gaps in perfect align- 
ment with one another. To ensure thiS) a little piece 
of wood cut squarely to the size of the gaps (^ in. by 
}i in.) should be inserted in the channel. The lamina- 

Digitized by VjOOQIC 



8 THE AMATEUR BLBCTRICUlf S WORKSHOP. 

tions should now be placed between the Jaws of a vice 
with the spindle lying across them, and the vice 
tightened so as to squeeze the laminations as closely 
together as they can be made to go. While things 
are in this position, the shoulder end of the spindle 
being pushed tightly against the laminations, another 
coil of four turns of No. i8 wire is wound round the 
free end of the spindle, close against the laminations, 
and these are also soldered, like the former, to the 
steel rod; and, as before, the superfluous ends are 
cut or filed off. The armature can now be removed 
from the vice, and any irregularity either in the cir- 
ctmiference or in the channels filed up, the wooden 
block being removed and shifted from channel to 
channel until all three have been squared up. If the 
job has been carefully executed, we shall have about 
I in. of spindle projecting at one end, and 2 ins. at the 
other, the laminations being held firmly in place by the 
two coiled wire ring^ We can now try whether the 
armature will rotate freely in the tunnel of the field 
magnets A, Fig. 2, with a clearance of ^ ia, or there- 
abouts, all round If not, its diameter must be 
cautiously and equally reduced all round by filing 
until the desired clearance is obtained The commu- 
tator next demands our attention. A piece of brass 
tube, about ^ in. in diameter and ^ in. long, is 
plugged with a piece of hard wood, cut cylindrically so 
as to fit tightly into the tube. The ends are cut off 
flush, and sand-papered up quite smooth. The tube 
should then be polished on the outside. By means 
of a pair of compasses, the exact centre of each end ot 
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HOW TO MAKE AN ELECTRO-MOTOR. 9 

the wood plugging is now found and marked ; then 
with an J^-in. drill a hole is put through the centre of 
the wooden plug. (This should be a tight fit on the 
spindle of the armature.) As the brass tube has to 
be divided into three equal segment^ in order to 
prevent these falling away from the wooden hub, we 
must fasten them to the wood before dividing in such 
a manner that each segment is insulated from its 
neighbour and from the spindle. To do this we turn 
the cylinder up on one end, and mark out with the 
compasses on the brass ring three equidistant points 
round the circumference. From these points we 
scratch, rather deeply, three lines on the face of the 
brass tube, reaching to the other end. Turning the 
cylinder again on end, we trace three lines across the 
wooden hub just inside the three points just marked 
oflF. (See Fig. 4, in which A is the central hole for the 
spindle B B B, tJie three equidistant points C C C being 
the Knes marked across the wooden hub.) With a very 
fine metal saw, we cut down along these lines for the 
depth of about J^ of an inch through both wood and 
brass tube. We now invert the cylinder, and produce 
three precisely similar saw-cuts in the opposite end, 
taking great care that these cuts coincide exactly in 
position with those at the opposite end. Having 
selected a piece of thin sheet brass, or copper, of the 
same thickness as the kerf left by the saw, we cut from 
it six Uttle strips % in. wide, and just long enough to 
reach from edge to edge of the ring when pushed in 
the saw-kerf. Placing the cylinder on one end, we 
insert these strips in the three cuts, and then neatly 

B 
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solder the ends of the strips to the brass tube. Agpin 
inverting the cylinder, we insert and solder the three 
remaining strips in the opposite end We now care- 
fully file off any superfluous solder. The ring or tube 
being now held firmly in position by the strips, we 
divide the brass into three equal segments along the 
lines previously scratched with a fine metal saw, going 
down sufficiently deep to sever the tube and just touch 
the wooden hub, but no farther. This completes the 
commutator, which can now be pushed on the spindle 
at the 2-in. extremity until it reaches to just }i in. of 
the end of the armature* To ensure the commutator 
remaining ngidly attached to the spindle, it will be 
well, before pushing down the commutator, to rub a 
little glue (to which a drop or two of vinegar has been 
added) round the spindle at this point The proper 
position for the commutator relatively to the arma- 
ture is such that the slits along the commutator 
coincide with the centres of the arms of the armature. 
§5. Before proceeding to wind the armature, it 
will be well to make and fit the bearings, mount the 
field magnets on a little base, and make the brushes. 
The base consists in a little block of mahogany, or 
oak, nicely planed up, 6^ ins. long, 4^ ins. wide, and 
^ in. thick. Two small blocks of wood, 1%, ins. 
square, and of sufficient thickness when laid one at 
each end of the base to allow the field magnets to rest 
squarely on them with the outer curve of the tunnel 
just level with the base board, must be prepared, and 
then glued on the base board, one at each extremity 
aaoss its length, at ^ ia from the edges. Measuring 
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BOW TO MAKE AN ELSCTRO-MOTOR. 1 1 

across the width of the base, these blocks should 
stand at iK ii^s. from one edge, and therefore 2 ins. 
from the other. These blocks having been firmly 
glued down, the field magnet is placed squarely across 
them, and fastened down to the base by two strips of 
tinned iron, i J^ in. wide, bent thus : J L, passii^ 

tightly over the inside winding of each lower limb, 
and screwed down firmly to the base board To make 
the bearings, two pieces of J/^-in. brass, ^ in. wide and 
1% ins. in length, are bent into the shape of a letter 
L by the aid of a vice and a hammer. The lower bent 
piece should be nearly % in. long, the upright piece 
being rather over an inch in length. These two por- 
tions in each bearing must be exactly at right angles 
with each other. In the shorter piece (the foot) of 
each bearing must now be drilled two J^-in. holes, to 
admit the screws which are destined to hold the bear- 
ings in place on the base board In each of the up- 
right portions, centrally and near tlie top end, we shall 
require to drill a %'m. hole to admit the armature 
spindle. To find the exact position of this, we begin 
by wrapping smoothly and tightly round the whole 
length of the armature two or three turns of brown 
paper, until the armature fits quite tightly into the 
tunnel of the field magnets. We push the armature 
in the tunnel at right angles to the field magnets, and 
perfectly level with the base board ; we ink the ends 
of the spindle and push the bearings against the ends 
of the spindle, so as to get a mark indicating where the 
holes arc to be drilled. This being done, we can 
remove the paper from (he armature ; a§ain insert i^ 
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13 THE AMATEUR ELECTRICIAN'S WORKSHOP. 

in the tunnel with the commutator end projecting over 
the 2-in. portion of the base board. We now put the 
corresponding bearing in its place, with the foot out- 
wards, the upright portion within ^ in. of the commu- 
tator. We also put the other bearing at the ij^-in. 
portion of the base board, bringing it up to about 
^ in. from the back of the armature. We now try 
whether the armature can turn freely in its tunnel ; 
if it do not, we adjust the position of the bearings 
until this is effected, when we mark with a sharp point 
pushed through the holes in the feet of the bearings 
the spots at which we shall have to drill holes in the 
base board to take the screws that serve to hold down 
the said bearings. The brushes are made out of very 
thin, springy sheet brass ; about \ in. thick is quite 
sufficient These should be about i ^ ins. long and 
^ in. wide, and bent exactly lik« the bearings — once 
at right angles — one ^-in. hole being put through the 
centre of the foot of each one. 

§ 6. To wind the armature, we begin by " dressing " 
it wherever the wire has to lie, with brown paper, 
which should be glued carefully and smoothly in the 
three channels, and on the back and front of the 
armature. When this is dry, we take about i % ozs. 
of No. 20 d. c. c copper wire (say ^ yards), and cut it 
into three equal lengths of ^ ft. each. Taking the 
armature in the left hand, with the commutator end 
facing us, we wind with one of the lengths of wire one 
of the projecting teeth, starting on the left-hand side of 
the tooth, and coming back on the right-hand side, 
laying the wire on tightly and evenly until we have 
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ffOlV TO AfAKB AN ELECTROMOTOR. 13 

wound on all the seven-feet length, with the exception 
of about 2 ins. at the beginning and at the end, which 
we twist together for future connection. We then 
turn the armature through one-third of a revolution, 
so as to bring another tooth uppermost ; and this we 
wind in precisely similar manner, starting against the 
left-hand side of the cog and ending on the right-hand 
side, twisting up the two ends as before. Lastly, we 
wind the third cog as the previous one. We now give 
the wire coils a coat or two of shellac varnish, which 
will not only improve the insulation, but help to keep 
the wires in their places during subsequent treatment 
When this is quite dry, we untwist one pair of wires, 
and with a penknife scrape off the cotton covering from 
the projecting portions, and clean the copper wire by 
scraping until the surface is quite bright Proceeding 
to cog No. 2, we serve its wire in like manner ; then 
we twist up tightly and neatly together the end of wire 
of cog No. I to the beginning of wire of cog No. 2. 
We now untwist and bare the wire ends of cog No. 3, 
after which we join (by twisting) the end wire of cog 
No. 2 to the beginning wire of cog No. 3, and the end 
wire of cog No. 3 to the beginning wire of cog No. i. 
Fig. 5 will give the reader an idea of the mode of 
winding and finally joining the wires ; for the sake 
of clearness, only one layer of wire is shown. The 
twisted ends of the wires are pulled straight, and cut 
off at such a point that they just reach the brass seg- 
ments of the commutator. Each twisted end is then 
soldered neatly to the edge of that commutator seg- 
ment which lies immediately below it Our task is 
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now nearly complete. Placing the armature in the 
tunnel, we put a little washer of cardboard over the 
end of the spindle to prevent the commutator coming 
into actual contact with the bearing. We then screw 
the front bearing down in its place, as previously 
marked. Going to the other end of the spindle, we 
fit another similar cardboard washer (^ in. diameter 
is ample for both of them) on the spindle, against 
the wire. We then Slip on the other bearing, leaving 
a little end play, and screw it likewise down on the 
base. If all the fitting has been carefully done, the 
armature can now be spun freely round on its bear- 
ings, without either touching the tunnel or getting 
" set " in its bearings. We now screw the " brushes " 
in place — one each side of the commutator, with 
the longer portions resting lightly against the brass 
segments. Before driving the screws quite home, 
we bare the ends of the No. i8 wire projecting at e 
and ^ of the electro magnets, and coil a turn of this 
wire under the heads of the screws holding down 
the brushes. After having cut off the superfluity with 
a pair of pliers, we screw up^ tightly. This completes 
the connection to brushes. We now insert a couple 
of binding screws in the base board at about i in. 
from the edge of each corner on the commutator side ; 
and, bringing down and baring the ends of the wire 
left at c and b, we fasten these respectively under the 
shoulders of the above-mentioned binding screws. A 
small grooved wooden pulley may now be keyed to the 
spindle at the other end, where the commutator is not 
This little motor will work well with a single bichromate 
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battcty, or with two dry cells in series ; but it may be 
worked with perfect safety, and with greatly increased 
power, by any number of bichromate cells in series up 
to ssx, or of dry cells not exceeding nine. 

TWO USEFUL BATTERIES. 

S 7. Notwithstanding the fact that the dynamo has 
to a great extent taken the place of the battery as 
the source of electricity for nearly all industrial pur- 
poses^ there still remains a very large field in which 
the employment of the battery is more convenient. 
This is especially true in the case of amateur work, 
in which it is rare that a heavy current is required for 
any length of time together. In making up a battery, 
due regard must be had to the particular purpose for 
which it is intended to serve. An ideal battery or cell 
would be one which would give out all the energy 
toontained in the zinc in the shape of electricity, with 
the minimum loss from internal resistance, the longest 
possible duration, conjoined to a perfectly steady cut- 
put, or "constancy," and the maximum of electro- 
motive force. In practice, these conditions are never 
attained all together. We shall therefore describe 
two useful forms, one of which is capable of supplying 
steadily a fairly large current at a rather low voltage 
for a very long time, and which has the great merit 
of not ..consuming any of the materials used in it, 
except when the circuit is closed; so that it may 
stand idle for a year or more without deterioration, 
and is always ready for ins -ant work. The other form 
is one which is capable of giving for short periods 
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(of about an hour or so) a very large current at a 
much higher voltage ; but which will not admit of the 
elements being left in the fluid when the cell is not 
doing useful work, as the fluid attacks the zinc even 
when the circuit is not closed. 

§ 8. The first cell we recommend the student to 
make is a modification of the Lalande-Chaperon. For 
this purpose he will procure one or more glass jars 
(according to the number of cells he desires to con- 
struct) 6^ ins. in height and 3^ ins. in diameter. 
These jars can be obtained from almost any grocer's, 
as they are similar to the ones in which the 2 lbs of 
French plums are sent out. These jars must be now 
fitted with wooden covers, which can be cut out with 
a saw, from pieces of deal board i in. thick. They 
should be cut a little larger in diameter than the top 
of the jars, say 3^ ins., and made into as true a circle 
as possible without a lathe by filing round the edges 
with a rasp. This being done, the operator will make 
a mark all round the edge of cover with a pencil at 
half an inch from the top ; then, with a flat rasp or 
file, he will produce a shoulder in the cover by rasping 
away the wood on one side of this line for a depth of 
about ^ in., so that the cover can enter loosely into the 
neck of the jar and rest on the shoulder. The illustra- 
tion A, Fig. 6, will make this clear. A little parafiin wax 
should now be melted in a flat tin, using only a gentle 
heat, and the wooden cover or covers allowed to soak 
therein until thoroughly permeated, which is evidenced 
by the wood ceasing to give off* bubbles, and then 
removing and allowing to drain. This is done to 
render the wood insulating and waterproof. 
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§9. The next step is to make the copper oxide 
plate. For this, a piece of copper gauze, having about 
thirty-two meshes to the inch, will be needed. Each 
cell will take one copper oxide plate, the size of the 
gauze for which will be 9 ins. long by 3^ ins. wide. 
Taking a strip of this size, the operator will fold it 
across near the middle, leaving 4 ins. on one side of 
the fold and 5 ins. on the other. On the 4-in. side of 
the line he will cut off each edge (until he reaches 
the line of folding) a narrow strip ^ in. wide, detach- 
ing these strips by cutting on the 4-in. folding line. 
At the opposite end, vii., on the 5-in. side, he will cut 
off two similar strips, but only i in. deep. Fig. 6 B 
shows the gauze when these strips have been removed. 
A paste is now made by mixing together 4^ ozs. of 
black oxide of copper (ordinary commercial) with ^oz. 
of plaster of Paris, with just sufficient water to make a 
stiff paste, which must be immediately spread over the 
wider portion of the gauze strip, on the 5-in. side, to 
the depth of about J^ of an inch, reaching nearly to 
the protruding edges on the sides, and to within i in. 
of the top edge. The narrower piece of gauze is now 
folded over the paste just spread on, flattened down so 
as to hold the paste in position, and then the side and 
top edges carefully turned in so as to entirely preclude 
any escape of the black oxide of copper paste. The 
envelope or bag of copper oxide thus produced should 
be placed between two flat boards, on which is placed 
a heavy weight, and left in this condition until set 
quite hard. In order to be able to fasten this plate 
to the cover or lid, and to make a good connection to 
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the outer terminal, it will be necessaiy to grip the 
plate between two copper wires, which are twisted 
together at the top of the plate, and thence passing 
through the centre of the cover, making contact with 
the shank of the terminal. Fig. 7 A shows one of these 
wires bent so as to grip the plate ; Fig. 7 B shows 
the plate with the two wires in position ; and Fig. 7 C 
illustrates the plate attached to the cover, with the 
terminal in contact with the wires. The size of the 
copper wire is that known as No. 16. 

§ 10. Two zinc plates, 2}i ins. wide, 5 ins. long, 
and anything between -^ and ^ thick, are now pro- 
cured, and in the centre of the narrower edge of each 
is soldered a straight piece of No. 14 copper or brass 
wire, about 2 ins. long. Before soldering this wire 
in place, it should be run through a screw-plate, so as 
to put a thread on it, and a couple of square or 
hexagon brass nuts made to fit it A semi-circular 
piece of thin sheet brass, the shape of a letter C, and 
about 2 ins. in diameter, is now cut out, and a hole 
put through each corner, of sufficient size to allow the 
wires coming from the zinc plates to slip through 
easily when the nuts are removed. Placing this strip 
(without the zinc plates) on the cover, with the 
terminal centrally between the horns of the C, two 
marks are made in the wood at the spot where the 
holes are ; then, removing the semi-circle, two holes 
are drilled through the cover at these points of suffi- 
cient diameter to allow the wires proceeding from the 
zincs to pass freely through. The two zinc plates are 
now placed one on one side, and the other on the 
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opposite side, of the central copper oxide plate, the 
wires going through the cover, and through the 
C-shaped piece of copper. The nuts are then run 
down the screwed wires until the zinc plates are held 
firmly in place. The arrangement will now present 
the appearance of a sandwich, of which the copper 
oxide forms the middle, and the two zincs the outer 
portions. It must be borne in mind that these plates 
must not touch one another. In the centre of the 
C piece a hole is now drilled through to the wood, 
of such a size as to admit the shank of a second 
terminal being screwed in. The cell is now complete. 
Fig. 8 gives an idea of its general appearance. 

§ 1 1. To charge this cell, dissolve 7 J^ ozs. of caustic 
soda (not washing soda) in 3 pts. of water, and add^ 
when dissolved, i drachm of hyposulphite of soda. 
Pour in sufficent of this solution to just cover the 
copper oxide plate; then, lifting the cover slightly, 
add carefully enough vaseline oil to form a layer about 
^ in. thick on the top of the soda solution. This 
latter prevents evaporation, and also protects the 
caustic soda from the action of the carbonic acid of the 
atmosphere. If by any chance the operator cannot 
readily procure caustic soda, he can easily prepare the 
solution from common washing soda in the following 
manner : i lb. of washing soda is dissolved in i gall 
of water ; J^ lb. of good fresh quicklime is slaked 
with cold water, until it falls into a fine white powder. 
This is added, with constant stirring, to the soda 
solution, and the mixture put in a clean, cast-iron 
saucepan, to which a lid can be fitted This is now 
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placed on a good fire, and made to boil for five 
minutes ; the cover is then put on and the saucepan 
removed from the fire. It should now be allowed 
to stand for twenty-four hours, after which the 
ckar portion should be carefully poured off the 
sediment, and stored for use in well-stoppered 
bottles. The addition of about i per cent of hypo- 
sulphite of soda to this solution is advisable, though 
not obligatory. Each cell of a battery thus made 
has an electro-motive force of 0.7 volt, with an in- 
ternal resistance of about 0.06 ohm only ; so that on 
the short circuit it can give as much as 11 amperes. 
But its best discharge-rate lies between i and 2 
amperes ; and under these conditions it has a 
capacity of about 50 ampere hours. In other words, 
it can supply current at the rate of i ampere for 50 
hours. The cell can be set aside for months after 
setting up without deterioration or any dissolution of 
the zinc, provided the surface of the liquid be well 
covered with vaseline oil. Three such cells in series 
give an E.M.F. of 2.1 volts, or a trifle more than a 
single bichromate cell ; while in point of constancy, 
and there, being practically no consumption of zinc 
when the battery is not coupled up, they are far and 
away superior to the bichromate cell. 

§ 12. There are, however, many cases in which a 
cell capable of giving a very heavy current at a high 
voltage, if even for a, comparatively speaking, short 
time, is to be preferred to the one just described. 
Our second cell is therefore one of this type, and is 
known as the chromic acid cell. To make this, we 
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use, as before, a 2-lb. French-plum jar as the outer 
containing vessel. Two carbon plates 6 ins. long, 2^ 
ins. wide, by about ^ in., and one zinc plate of the 
same size, but only % in. or -^ in. thick, will be 
needed The zinc plate must be well amalgamated by 
rubbing over both surfaces with a pledget of tow 
moistened with dilute sulphuric acid (i part acid to 
20 water), a globule of mercury being put on the sur- 
face of the zinc plate while the rubbing is going on ; 
and the rubbing continued until the entire surfaces 
of the zinc are as brilliant as a mirror. The plate 
should then be rinsed and allowed to dry. Two strips 
of thin wood (a piece of cigar-box will do very well) 
about 3 ins. long and i ia wide should now be pre- 
pared, and soaked in melted paraffin wax (see §8). 
Besides these, we shall require two pieces of %'m. 
hoop iron, i in. wide and 5 insw long ; two 5^-in. bolts, 
1% ins. long, with their nuts; and a strip pf thin 
sheet copper (about No. 25 gauge) i in. wide and 4 ins. 
long. Placing the two 5-ia pieces of hoop iron one over 
the other, we drill at half an inch from both extremi- 
ties a full J^-ia hole to admit the passage of the bolts. 
If we have not a drill sufficiently powerful for this 
work, any shoeing-smith can do it for us. We then 
place one of these strips on the table, with a bolt 
through the hole at each end, the head of the bolt 
lying on the table. On this strip we place one erf the 
carbon plates, with its top edge level with the top 
edge of the iron hooping. Over this> and also flush 
with the top edge of the carbon plate, we lay a strip 
of the paraffined wood. In the centre of this wood 
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Strip we place our piece of thin copper at right angles 
to the wood, making a ± with it, leaving about three 
inches projecting. Over this we place the zinc plate, 
then the other wooden strip, foUowed by the other 
carbon plate. Lastly, we put on the other 5 in. x 
I in. iron strip, causing the bolts to pass through its 
holes. We then put the nuts on the projecting screws 
of the bolts, and screw these nuts down tightly — so 
tightly that the carbons and the zinc are held rigidly 
in position, not touching one another. To the copper 
strip the shank of one terminal may be soldered ; and 
if a second nut be placed over one of those holding 
down the hoop-iron strip, a loop of No. 16 copper wire 
may be clenched between the two nuts^ and to this 
wire a second terminal may be soldered. To charge 
this cell the following solution, which gives excellent 
results, may be used : 

Chromic acid ... ••• ••• ••• 6oi. 

w&tcr ... ... ••• ••• «•• ••• a,, I Cj^ 

Chlorate of potash ^ oz. 

Oil of vitriol 6oz. 

Dissolve the chromic acid in the water ; then add the 
chlorate of potash, and stir with a tobacco-pipe stem, 
or glass rod, until dissolved ; then add the oil of 
vitriol in a fine stream, with constant stirring. The 
solution becomes hot ; allow it to get quite cold before 
use. Each cell of such a battery has an E.M.F. of 
two volts, with an internal resistance of not more 
than o -05 ohm when fresh, so that on the short circuit 
it is capable of giving as many as 40 amperes. This 
is a most powerful cell; and for short experiments 
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requiring a large current, it is the best of its class. 
At the conclusion of each experiment the elements 
should be lifted bodily out of the acid, and the plates 
plunged into boiling water as far as the acid has 
reached, and allowed to stand therein for five minutes 
to remove any adherent acid, and then stood up to 
drain and dry. By doing this the plates may be kept 
in good working order for a very long time. Care 
must be taken never to leave the plates in the acid 
when the battery is not actually being used. Our 
Fig. 9 illustrates at A the arrangement of the carbon 
and zinc plates, with the intervening wood strips ; 
and at B we have the kind of bolts and nuts to be 
used to clamp the whole together ; while C represents 
the completed cell ready for action. Caution : — The 
young electrician cannot be too careful in using oil 
of vitriol (sulphuric acid). It should be poured out 
slowly, avoiding any splashing, for a slight spill of this 
powerful acid on the hands or clothes would result in . 
serious injury. 

A I -INCH SPARK COIL. 

§ 13. A good spark coil is an extremely useful and 
instructive piece of apparatus. By its aid, many 
beautiful and interesting experiments can be per- 
formed, such as the production of X rays, or of Hertz' 
wave effects, the perforation of glass, the preparation 
of ozone, the bringing about the combination of 
oxygen and hydrogen, the decomposition of water, 
the lighting up of vacuum tubes, working a wireless 
telegraph, &c As it is our intention shortly to give 
instructions for making this latter, we trust that the 
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following constructionaJ details for building a good 
"Ruhmkorff" or induction coil, may prove acceptable. 

§ 14. We shall need to provide ourselves, for this 
purpose, with the following articles : {a) a bundle of 
soft iron (technically known as " iron tails "), No. 22 
gauge, 8 ins. long, i in. diameter, perfectly straight, 
and all cut to exactly the same length ; {V) % lb. of 
No. 18 double cotton-covered copper wire; {c) i lb. 
No. 38 silk-covered copper wire ; (d) i lb. paraffin 
wax ; {e) two squares of well-seasoned mahogany, 
1% ins. X 1% ins. x ^ in. ; (/) a mahogany board, 
10 ins. X 6 ins. x % in., and two strips about 17 ins. 
long, }^ in. thick, i }i in. wide ; {g) four " tele- 
phone " terminals, two of which should be ^ in. long 
from the shank upwards, and two rather longer, say, 
I in. long ] (Ji) 2l % lb. of tinfoil ; (/) one dozen 
sheets of demy paper, about 22 ins. x 18 ins: ; (J) one 
sheet of stout brown paper ; {k) half an inch of No. 
18 gauge platinum wire ; (/) six inches of round 
brass rod, ^ in. diameter, and three inches of similar 
rod, yi in. diameter, also a small piece of brass sheet, 
-^ in. thick, about the size of a penny ; and finally (m) 
a short piece of thin clock spring (steel) -^ in. thick 
and 5^ in. wide. 

§ 15. Having provided these necessary articles, we 
begin by making the base, from the mahogany, in the 
form of a shallow box or tray, 10 ins. long, 6 ins. wide, 
with a clear space inside, g}i ins. x 5>^ ins. x 1% ins. 
deep. This we make by cutting the 17-in. strips into 
two lo-in. lengths and two 5-in. lengths, mitreing the 
comers, and then glueing them so as to make a truly 
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rectangrular firame, which in its turn is ghied on the 
lO-in. X 6-in. piece. When quite set and dry, the 
latter portion is then yet further strengthened in its 
attachment to the frame, by the insertion of eight 
small mahogany dowels (two in each side) reaching 
through the plank into the frame itself. These dowels 
should be neatly cut off flush with the plank, with a 
sharp penknife. In the four inner comers of the box 
thus produced must be glued four triangular pieces of 
wood, ^ in. high and about i in. on the widest face. 




Fig. lOu 

These serve to strengthen the comer joints, and also 
to support a false bottom, which is to be made out of 
a piece of thin deal, 9^ ins. long by 5^ ins. wide 
(this false bottom is to be left loose, and not fastened 
in until the coil is finished). This box, which consti- 
tutes the base, may now be polished, or simply var- 
nished, at the option of the operator. In use, it will 
stand with the mahogany side uppermost, and thc 
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movable bottom downwards. The finished base is 
shown upside down, with the bottom over it, at Fig. lo. 
§ 1 6. We can now proceed to make fAe condenser. 
For this, we begin by folding five sheets of the demy 
paper three times the long way, and twice the narrow 
way. Then, with the aid of a sharp penknife and a 
metal rule, we cut out sixty squares of paper 6 ins. x 
5 ins. We put about J^ lb. of paraffin wax in a flat 
square baking tin, of sufficient size to contain a sheet 
of paper lying flat, and applying heat below gradually, 
until the wax is all melted — we immerse and withdraw, 
one by one, the sheets of paper, allowing the super- 
fluous wax to drain off from one corner of each before 
final removal from the tray. Each sheet should be 
suspended by one corner with a pin, on a line, to cool 
and set. Fifty squares, 6 ins. x 4 ins., are now to be 
cut, with penknife and rule, from the quarter lb. of 
tinfoil, a sufficient number of sheets of which have 
been previously folded into the nearest size to admit 
of this. (It is better to fold both the paper and the 
tinfoil into the nearest sizes, and cut each material 
at one operation with one stroke of the knife, than to 
cut each sheet separately, as the sheets come out much 
mora uniform in size.) Having prepared these sheets, 
we procure a square of rather stiff cardboard, 6 ins. x 
5 ins., and, laying this on a flat table, we put on it two 
or three sheets of paraffined paper, truly and squarely 
with the edges of the cardboard. We then take one 
of the sheets of tinfoil, and lay it on the paper in such 
a way as to leave a margin of paper J^ in. wide all 
round, except on the extreme RiGHT-hand edge, where 
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the tinfoil will extend beyond the paper for }i in. 
all along. We now take another sheet of paraffined 
paper, and place it squarely over the first sheet, press- 
ing it down flat A second sheet of tinfoil is now laid 
on the centre of this last paper, precisely as was the 
first; with this difference, namely, that the piece 
which overlaps the paper must be on the LEFT-hand 
side. Over this we place a third sheet of paraffined 
paper, followed by a third sheet of tinfoil with its 
edge extending over to the rights then a fourth sheet 
of paper and a fourth sheet of tinfoil over-lapping to 
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the lef/ ; and so on with alternate sheets of paper and 
tinfoil until fifty sheets of tinfoil have been laid on, 
care being taken that all the odd numbers project on 
the righ^-hdjid side, and all the even on the left 
We now place two or three sheets of paraffined paper 
over the last sheet of tinfoil, putting over all another 
square of cardboard, 6 ins. X 5 ins. ; bind the whole 
tightly round by lapping over the narrower width with 
tape, which can be stitched down on arriving at the 
opposite extremity, leaving the over-lapping tinfoils 
projecting at the longer ends. This completes the 
condenser proper; but for facility of connection to 
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the other parts of the coil, it will be well to take a 
piece of No. 24 bare copper wire and stitch it in and 
out along the edge of the tinfoils projecting, say, on 
the right ; and leaving a length of about i in. of wire 
free for future attachment The sheets projecting on 
the left-hand side are now stitched in precisely the 
same manner. The completed condenser is shown at 
Fig. II. 

§ 17. The next thing that claims our attention is 
the contact breaker. A piece of ^-in. round brass rod 
is drilled and tapped longitudinally with a hole about 
j4 in. deep in the centre of its circumference, and of 
such a diameter as to take a ^-in. Whitworth. (This 
screw should be cheese-headed and about ^ in. long.) 
A brass washer about }4 in. diameter, ^ in. thick with 
a central hole of sufficient size to allow the afore- 
mentioned screw to pass freely in it, is now procured, 
placed over the hole in the rod, and the screw inserted. 
This washer serves to prevent the wood of the base 
from being cut when the contact pillar is screwed 
up tightly. At exactly i ^ ins. from the bottom of this 
rod with the washer on, a transverse hole is to be 
drilled through the rod parallel to the washer. This 
hole will then be tapped with a ^-in. tap, and a screw 
made out of a bit of J^-in. brass rod, about 5^ in., to 
fit nicely in this hole. From the ^V^"' brass sheet is 
cut a true circlet ^ in. in diameter, a hole put centrally 
through this, and one end of the aforementioned 
screwed rod inserted and sweated into the hole by 
means of a little good solder. A little fine milling 
should be put round the edge of this circlet with a 
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" rose," if the operator possesses one ; if not, by care- 
fully filing indentations with a small triangular file. 
In order that this screw (which is called the " platinum 
screw ") should not work loose, it will be well befpre 
inserting it into the hole in the contact pillar to slit 
the head of the pillar with a very fine hack-saw in a 
line with the hole. The slit should be carried about 
% in, below the hole itself, and the tap run through 
the hole to remove any burr caused by the hack-saw. 
Then, if the sides of the pillar be slightly squeezed 
between the jaws of a pair of pincers, sufficient 
springiness will be given to the sides to enable them 
to grip the screw firmly without the aid of a back 
nut. With a very fine drill (about ^ in. diameter) we 
now make a hole about -^ in. deep in the centre of 
the tip of the contact screw, and into this hole we 
insert and afterwards burr in a short piece of No. i8 
platinum wire, leaving ^ in. projecting beyond the 
tip of the screw. To make the vibrating portion 
we take a ^-in. Whitworth cheese-headed brass 
screw about J^ in. long, with small hexagon nut 
to fit. In the slit of the head of this screw we fit 
and solder a piece of clock-spring 2 ins. long and ^ in. 
wide. In this spring we drill two holes, one at i J^ ins. 
from the bottom of the head of the screw, and another 
at ^ in. therefrom. Having chosen a piece of very 
soft round iron, f^ in. in diameter, we saw off a 
slice ^ in. long, and having filed up the two faces 
perfectly flat, we put a small hole, about 5^ in. deep, 
in the centre of one of the faces, which hole we tap 
to take a small metal screw. We then screw this iron 
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"bob" to the top end of the spring. This spring should 
vibrate at such a rate (if sprung) as to give the note 
A, one octave below the middle A of the pianoforte. 
If it is sharper it is too stiff, and the entire spring must 
be cautiously filed ; if it is much flatter the " bob " 




/ 





basems^ 



Fig. 12. 

itself should be filed, or, better, a stiffer spring adapted. 
A very much thinner piece of steel spring is now filed 
up and cut to about -^ in. wide by i in. long. Two 
holes are drilled into this, one at the top end just 
large enough to admit the No. 18 platinum, and one 
^% the lower end of the same size as the central hole 
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in the larger spring. In the former we insert and 
burr over on both sides by gently tapping with a flat 
peen-hammer about jl^ in. of platinum wire ; in the 
latter we insert a little rivet, which we pass also 
through the central hole in the larger spring, and 
keeping the platinum speck just inserted in a line with 
the centre of the iron bob, we rivet the whole together 
by a smart blow or two with a light hammer. Fig. 12 
shows the two portions of the contact breaker. 

§ 18. We can now proceed to make up and wind 
tlie coil proper^ beginning with the primary. To this 
end we take our bundle of iron wire (which should 
have been previously rendered perfectly soft by heat- 
ing to redness in a clear fire, and allowing to cool 
gradually by letting the fire go out), and make it into 
a neat cylinder by binding it tightly round spirally 
with rather wide tape, this binding being stitched 
down at the ends to prevent undoing. This cylindri- 
cal bundle of iron wire should be about 8 ins. long, 
I in. in diameter. The tape binding should then be 
heavily varnished with good shellac in methylated 
spirits. When this coating of varnish is quite dry, 
the No. 18 wire must be wound on in two layers, start- 
ing at y^ in. in at one extremity of the iron bundle, 
and ending the first layer at J^ in. from the other 
extremity ; returning back over the first layer, and 
finishing at the starting end. About 6 ins. of wire 
should be left free, both at the start and the end, for 
future connection to terminals, etc. To prevent the 
wire from uncoiling while being wound on and when 
finished, both the starting and finishing ends must 
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be tightly tied to the bundle by a piece of strong silk 
twist. Each turn of wire must be coiled as 
tightly, evenly, and as closely to its neighbour as 
possible ; and the two layers must be in one con- 
tinuous length, laid on in the same direction of coil- 
ing. When the iron wire has been wound with 
primary to satisfaction it should be plunged bodily in 
hot melted paraffin wax, allowed to remain there as 
long as bubbles are given off, then held up vertically 
and allowed to drain, and finally reared up on end to 
set. While this is cooling, we make up a little flour 
paste, and cut from our brown paper a strip 7 ins. 
wide and 28 ins. long. Taking the wound bundle, 
we straighten out the two 6-in. lengths of projecting 
copper wire, and we roll the brown paper tightly 
round the wound bundle, leaving the }4 in. of bare 
iron wire projecting at each extremity. While 
putting the brown paper on, we brush the inner sur- 
face over with paste, and by pressing with a rolling 
motion by means of a flat board, on a flat table, we 
produce a firm, hard cylindrical case over the iron 
bundle. This must be set aside to dry thoroughly, 
and while this is drying we can drill out a central 
hole in each of the 3 J^ in. by 3 J^ in. squares of 
mahogany which are to form the " heads *' of the coil. 
These central holes should be nearly ij^ ins. in 
diameter ; they should be a very tight fit on the 
brown paper tube in which we have encased the iron 
core. When these holes have been put through the 
heads these latter should be heavily varnished with 
successive coats of good shellac varnish. When all 
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is dry, the two heads are glued on the brown paper 
tube, one at each end, perfectly square the one with 
the other, and at right angles to the core, which should 
project about J^ in. each end When the glue is 
quite dry, the brown paper tube should itself be 
coated two or three times (allowing the varnish to 
dry thoroughly between each application) with 
shellac varnish. The two projecting ends of the 
primsjy^ which ira had previously straightened out. 




Fig. i> 

should now be carefully bent into a flat spiral, resting 
against the outside of the nearer coil-head, and then 
the whole mounted between two standards (sec 
Pi&- '3)» merely for convenience of winding. Two 
%'VCL holes are made in the upper portion of these 
standards, exactly opposite each other. In one is 
inserted a 2-in. French nail, which passes into the 
centre of the iron bundle ; and through the other is 
passed a piece of iron wire, about J^ in. diameter 
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and 8 ins. long, which has been bent twice at right 
angles so as to form a handle. This is flattened at 
one end by filing lengthwise, and this end is pushed 
centrally into the opposite end of the iron bundle. 
By this means rotary motion can be imparted to the 
entire coil by turning this wire handle. Previous to 
mounting the coil between the standards, it will be 
necessary to drill a very fine hole (about -^ in.) 
through one of the mahogany heads, to admit of the 
passage of one end of the secondary wire, which is the 
No. 38 previously mentioned. About 6 or 8 ins. of 
this wire are uncoiled from the reel on which it is 
sent out, and pushed through this hole frdm inside, 
outwardly, and the protruding portion coiled into a 
tight helix, so as to be out of the way. The reel is 
strung across the lower half of the standards by means 
of a metal rod. The operator now rotates the handle, 
and thus coils a layer of wire, closely, evenly, and 
smoothly, from one end to the other of the brown 
paper tube. The coiling should start at about % in. 
from the inner face of the head, or flange, and ter- 
minate at about the same distance from the opposite 
head ; this is to prevent accidental sparking down to 
the iron core. When one layer of wire has been put 
on, without breaking or otherwise detaching the wire, 
a sheet of paraffined paper (prepared as described at 
§ 16), of sufficient width to reach from head to head, 
and long enough to make one full turn round the core, 
is tightly rolled round the wire, and the winding con- 
tinued, always turning in the same direction, but com- 
ing back again towards the starting point. Again we 
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apply a sheet of paraffined paper, to be followed by 
a layer of wire, and so on, until the whole pound of 
wire has been coiled on. Each layer of wire should 
diminish in length by about ^ in., and the greatest 
care should be taken in winding on, to avoid kinks, 
breaks, or unevenness of any kind. The wire should 
be tested for continuity by means of a battery and 
galvanometer. About twenty-five or thirty layers will 
be required to use up the pound of wire. When the 
wire has been laid on, the finishing extremity should 
be brought to the outside by putting a fine hole 
through the head of the coil which is opposite to the 
one at which we started, and passing the wire through 
this. These two holes should be in a line with one 
another, and in the opposite half of the square heads 
at which the primary wire ends project The coil can 
now be removed from the winder. A couple of ^-in. 
holes about }i in. deep are now drilled in the centre 
of the upper edge of each head (one in each), and into 
these holes are screwed the shanks of two ^-in. tele- 
phone terminals. These should not be driven quite 
home until the projecting ends of the secondary wire 
have been bared of their silken covering, and coiled 
two or three times round the shank of the correspond- 
ing terminal, which, on being screwed down, will 
make good contact with the wire. The last layer of 
wire can now be covered with about half-a-dozen turns 
of paraffined paper, tightly and smoothly laid on. 
When the paper has been laid on, the lapping edge 
may be caused to adhere by passipg over it a clean 
rod of heated iron. As a " finish" to this it will be 
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well to bind this round with one turn of good silk 
velvet, either green or deep purple, stitching the join 
along the under part of the coil (where the terminals 
are not). The coil proper is now complete ; so that 
we can proceed to mount it on its base, and connect 
it to the condenser and to the battery terminals. 

§ 19. For this purpose we place the coil (terminals 
uppermost) on the base board, with its length parallel 
to the longest edge of the board, in the centre of the 
width, but with the primary wire head at i^ ins. from 




Fig. 14. 

one narrow edge ; the other head being J^ in. from 
the other edge. With a sharp-pointed pencil we 
make a mark on the base board round the edge of 
each head ; and also mark the two spots where the 
primary wire (still flatly coiled against one of the 
heads of the coil) can be brought down to pass 
through the top of the base board. Removing the 
coil, we mark two spots, one in the centre of each 
resting-place of coil heads. Having chosen two suit- 
able wood screws about i in. long, we drill a hole 
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through the base board at each of these marked 
points of sufficient size to admit the screws chosen. 
These holes should be countersunk at the back (/>., 
inside the bottom) to allow the heads of the screws 
to be flush when screwed up. In like manner (only 
without any countersinking) the two holes through 
which the primary wires will have to be passed are 
put through the base board. The primary wires are 
now straightened out and made to point downwards, 
divested of their cotton covering, cleaned, and pushed 
through these holes. The coil and base are now 
inverted, care being taken to retain the coil in the 
exact spot previously marked on the board, the two 
screws inserted in their holes, and screwed tightly into 
the lower edges of the coil heads. We now put the 
two larger terminals in place on the base board — 
one at each corner of the narrow edge nearer the 
primary wire ends, at about i in. in from the edges, 
so as to clear the little blocks we have inserted below. 
(If these screws are fitted with nuts it will be very 
convenient, as this will avoid the necessity of soldering 
any connections.) We then bend one of the primary 
wires quite flat against the inside of the box, and 
take it to the nearest terminal, making the wire loop 
round it, and soldering thereto, or fastening it with a 
nut. We now place the vibrating hammer of the 
contact breaker on the base board in such a position 
that the iron " bob *' faces the centre of the iron core, 
leaving a space of about -^ of an inch between the 
face of the hammer-head or " bob," and the bundle 
of iron wire. We mark on the base board the exact 
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spot this occupies, and having drilled a hole through 
the base we insert the screw from below. Under the 
head of this screw, before tightening up, we pass one 
turn of the other primary wire, leaving a length free 
for future connection to condenser. Taking the 
platinum screw pillar, we place it just behind the 
vibrating hammer spring, so that the platinum tip of 
the screw just touches the platinum boss on the spring 
when the screw is half-way through the pillar ; and, 
having marked the exact spot on the base, we put a 
hole and screw through, just as in the case of the 
vibrating hammer. Under this screw-head we also 
put a turn of bare No. i8 copper wire, and connect this 
to the free terminal in the comer, leaving a length of 
this wire protruding, also for connection to condenser. 
The connections below are, therefore : from one ter- 
minal to contact pillar, through vibrating spring to one 
end of primary of coil ; then back from the other . 
end of primary to the other terminal Care must be 
taken that none of the wires cross or come into contact 
with one another. This is particularly to be observed 
in the case of the two projecting wires which we have 
left for connection to condenser. Turning these two 
latter upwards (when the coil is upside down), we cover 
over the connections we have just made (to the exclu- 
sion of these two condenser wires) with two or three 
layers of paraffined paper. On these we lay the 
condenser — as near the end that is farther from the 
contact breaker as is possible. We then bring one 
of the projecting No. i8 wires flat along the side of 
tlie base, and solder it to one of the No. 24 wire 
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extensions left on the condenser for this purpose (see 
§ i6 ; latter portion). In like manner, the other free 
end of No. i8 wire is brought over and bent down so 
as to reach the other No. 24 extension on the con- 
denser, to which it is soldered. The whole having 
been pressed down flat, sheets of paper, preferably 
paraffined, are put in the bottom of base until it is 
filled in to the level of the false bottom ; so that when 
this is inserted the condenser is held firmly in place. 
The false bottom is then fastened to the base by a 
screw in each corner, reaching through to the four 
corner blocks. The coil, which is represented at 
Fig. 14, is now complete, and if care has been taken to 
follow the instructions as above, will be found to give 
a one-inch spark, if furnished with current from two 
or three of the chromic acid cells described in our 
last article. 

A WIRELESS TELEGRAPH. 

§ 20. The principles on which wireless telegraphy 
depend are very similar to those involved in the 
transmission of sound and of light. A wave motion 
set up at a given spot is propagated through the 
surrounding medium, and on striking certain bodies 
in its course sets up motion and a change of condition 
in them. We cannot appreciate the wave motion 
of light, but we become cognisant of its effects by the 
change it sets up in the retina of the eye, or on a 
photographic plate, etc. In like manner, the wave 
motion of sound is not perceptible to the eye, but is 
made evident to the ear when the wave impinges 
upon the tympanum and causes it to vibrate. In 
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these two cases we have — firstly, a source of wave 
motion; secondly, a medium transmitting the wave 
motion ; and thirdly, a receiver capable of taking up 
and utilising, or otherwise rendering evident, the 
wave motion. 

§21. In the wireless telegraph we have to set up 
electric waves, and this can be done by the aid either 
of an induction coil (described in our last article), or 
by means of any static electric machine, such as the 
Wimshurst, used in conjunction with a sparking device 
called the " oscillator." The medium for transmission 
through which we have to work is the surrounding 
atmosphere, and to a certain extent the earth itself. 
The receiver consists essentially of a container, in 
which are placed particles of substances whose con- 
dition is altered by the impact of the electric wave, 
and of any contrivance whereby this change can be 
made evident either to the eye or to the ear. 

§22. The transmitting arrangement. For our 
purpose, as the means of producing the electric waves, 
we may employ a coil made as described in § 13 
et seq.y capable of giving at least an ^-in. clean fat 
spark. The battery suitable for use with this will 
consist of three cells of the chromic add type 
described in the sections on batteries, Besides these 
we shall require a tapping-key, to make and break 
contact between battery and coil at will; also an 
oscillator, consisting of three insulated brass balls 
mounted on a stand and furnished with terminals for 
connection to the coil 

To make the tapping-key, we procure a piece of any 

D 

Digitized by VjOOQIC 



42 THE AAfATEUR BLBCTRICIAN'S WORKSHOP. 

hard wood, nicely planed up and squared, about 5 ins. 
long, 2^ ins. wide, by }i in. thick A piece of thin 
spring steel (side steels used in corsets will do), 4 ins. 
long, % in. or ^ in. wide, two telephone terminals, 
one drawing pin, one ^-in. wood screw, a strip of 
thin sheet brass }4 in. wide and i in. in length, a brass 
button, and a bit of round brass rod, ^ in. long, ^ in. 
in diameter. We begin by drilling a hole through the 
brass strip centrally, at ^ in. from one extremity, of 




Fig. 15- 

such a size as to admit the passage of the shank of 
one of the terminals. At }i in. fr<Mn iht opposite 
extremity, also along the central line, we make 
another hole just sufficient to let the point of the 
drawing pin pass through. Placing this brass strip 
on the base board, with its length parallel to the 
longest sides of the board and equidistant from them, 
the narrow edge lying flush with the narrow edge 
of the board, the smaller hole pointing inwardly, 
the operator will drive the drawing pin through 
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this hole, into the wood below» giving one or 
two taps with a hammer, to ensure the head of the 
drawing pin making good electrical contact with the 
brass strip. He will then drill a small hole in the 
wood just below the larger hole in the brass strip, 
into which he will insert one of the terminals, and 
screw it up until it bites the brass strip firmly. Having 
cleaned the brass button with a bit of emery paper, he 
will lay it face downwards (convexity uppermost) on 
any convenient place, and holding the ^-in. piece of 
round brass rod perpendicularly on its centre by 
means of a pair of pincers, he will' solder the rod to 
the button. Now taking the piece of steel spring with 
the pincers, he will soften i in. at one extremity and 
/^ in. at the other, by holding it over the flame of a 
spirit lamp until it has become dull red-hot at these 
points. Allowing the steel to cool gradually^ the 
operator will bend the spring at an angle of 45^, 
beginning at I in. from the longest softened end. 
When bent, he will put two J^-in. holes in this I -in. 
portion, namely, one at ^ in., and another at 
I in., from the extremity. The first must be large 
enough to allow the shank of the second terminal to 
enter freely ; the second must permit the passage of 
the wood screw. Proceeding to the other extremity, 
he will drill, at about % in. from the end, a hole to 
admit the -^in. rod (to which he had previously 
soldered the button). Cleaning up the spring with 
emery paper, especially where he held it over the 
spirit flame, completes this portion. He v/ill then 
place the buttoned rod half-way tlirougli the hole 
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last made, and solder the rod at right angles to the 
spring. Placing the i-in. end of the spring on the 
base board, at the extremity opposite the drawing 
pin, he will adjust it at such a distance from the edge, 
that on pressing down the button, the projecting end 
of the tV^^- ^^^ shall strike the centre of the head of 
the drawing pin. Having found this position, he will 
fasten the spring down to the base by means of the 
wood screw in the interior hole, and finally put the 
shank of the terminal through the hole nearer the 
edge. The tapping-key is now finished — and it is 
evident that if it be placed in series with a battery, 
no current will pass, so long as the button is not 
depressed, but that the circuit will be completed every 
time that the spring is pressed down, so as to bring 
the end of the j^-in. rod into contact with the head of 
the pin. Fig. 15 shows the completed tapping-key. 

§ 23. The oscillators, or transmitter balls, can easily 
be made from three round brass bedstead balls, two 
I in. in diameter, one i^ ins., a 6-in. length of % in. 
round ebonite rod (or, failing this, a 6-in. length of any 
^-in. round hard wood rod, previously boiled in 
melted paraffin wax), 'two 6-in. lengths of J^-in. round 
brass wire, a couple of telephone terminals, and a 
flat base board in any hard wood, 9 ins. long, 3 ins. 
wide, and about ^ in. thick. The larger brass ball 
is fastened to the centre of the base board by means 
of a short peg of paraffined wood screwed into the 
flange of the ball and inserted in a suitable hole 
in the centre of the base board. As these balls have 
female screws in their collars^ these attachments are 
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easily made. At about 4 ins. from the centre of the 
board, on either side of the central ball, a hole is 
drilled % in. bare in diameter, to admit the insertion 
of two pieces of the ^-in. ebonite or wood rods. 
Before permanently placing these in their respective 
holes, a transverse hole must be drilled in each, at 
about y^ in. from the top, of sufficient size to admit 
the passage of the J^-in. brass rods in the centre of 
the top of each rod; and reaching as far as the 
transverse hole just made, another hole must be 




Fig. 16. 



drilled into which the shank of the terminal can be 
screwed. The two smaller brass balls are then fitted 
with the 6-in. lengths of J/^ -in.. brass rod which are 
passed through a little plug of wood that is then 
screwed into aperture in the ball, the brass end being 
pushed in until it makes actual contact with the inner 
surface of the ball. All lacquer must be removed from 
the balls by means of very fine emery paper, and the 
balls themselves must always be kept brilliantly 
polished by rubbing with a chamois and rouge. 
The wires carrying the two smaller balls are now ia- 
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sertcd in tlie transverse holes at the top of the rods, 
and the rods themselves glued into their position 
in the boles of the base board, with the smaller 
balls in a line with and facing the centre 
of the large central ball. If the rods protrude below 
the under side of the base board in arriving at this 
position, they must be cut oflF flush with it The two 
terminals are now put in their respective holes in 
the top of the uprights. They serve at one and the 
same time to make connection between the coil and 
the transmitter balls, and to enable the operator to 
set the smaller balls at any desired distance from 
the central one, and to clench the wires, so as to^ 
retain them in that position. Fig. l6 ^ows the com- 
pleted arrangement 

§24. To make the receiver, we must provide our- 
selves with an ordinary 2^ -in. electric bell, two flat 
pieces of board (12 ins. X 6 ins. x X "*• thick), an 
empty brass cartridge case, about -^ in. diameter, 
^ in. long (a No. i saloon gun cartridge will answer 
our purpose), a couple of yards of soft annealed iron 
wire (No. 22 gauge), i oz. No. 36 silk-covered copper 
wire, seven telephone terminals, two dry cells of any 
good make (size about 2 ins. cliameter, 6 ins. in height), 
a quarter of an ounce of nickel or iron filings, a piece 
of very soft iron (-j^g- in. thick, i J^ ins. long, and ^ in. 
wide), and a piece of platinum wire (No. 30 gauge). 
The receiver consists of five essential portions — («) 
the relay, (*) the coherer, {c) the decoherer, (rf) the 
bell, or other appliance for rendering evident the 
signals, and {e) the batteries. We begin by putting 
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together the base board on which these different 
appliances will stand; and to this end we make a 
chamfer ^ in. deep and ^ in. wide centrally along 
the length of one of the 12-in. boards. Having run 
a little good thin glue in this chamfer, we place the 
other board with its 12-in. edge in the chamfer — so 
that it stands upright and perpendicular to the lower 
board When the glue is quite dry, we further 
strengthen this by drilling two holes in the under 
surface of the lower board, one at each extremity, 
reaching into the upright board. We countersink 
these holes^ and then insert a screw in each 
reaching well into the upright board, and screw 
up until the heads are flush with the under surface of 
the lower board. The base board should now 
present the appearance of X when viewed from its 
longer extremity. To make the relay we take a 
smooth pencil about ^ in. in diameter, and round this 
we roll seven turns of stout brown paper 2 ins. in 
length, fastening down each successive turn of paper 
after the first with a little paste or thin glue. When 
the tube has been thus formed it should be drawn off 
the pencil and allowed to dry. While it is drying the 
operator will make two discs out of cardboard ; these 
should be i in. diameter, with a central hole to fit 
tightly on the outside of the tube just made. They 
should be about -^ in. thick. These are to be glued 
on, one at each extremity of the tube, to form a bobbin 
2 ins. long, with i-in. heads. From the iron wire is 
now cut a sufl&cient number of straight pieces (2% ins. 
exactly in length), to fill tightly the inside of the 
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Big. 17. 




fig. 18. 
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bobbin tube. These are pushed into the tube one 
after the other until it will hold no more. The ends of 
the wires must be flush with the tube at one extremity, 
and project about yi in. at the other, where they must 
be filed perfectly flat At this projecting end a small 
piece of platinum wire is pushed in centrally between 
the iron wires and the external portion coiled round 
upon itself, so as to form a little button about ^ in. 
in diameter. A gentle tap with a flat-faced hammer 
will cause this coiled button to lie smooth and flat 
The bobbin should now be wound with the i oz. of 
No. 36 silk-covered copper wire, leaving a length of 
about 3 ins. free at the starting end for future attach- 
ment to terminal, winding regularly and evenly from 
end to end, backwards and forwards, until all the wire 
is wotmd on in layers, except a length of about 3 ins., 
left for connecting up to the other terminal. In order 
that the finishing end should not fly back and uncoil, 
it must be tied down to the bobbin by means of a 
length of fine silk thread This completes the electro- 
magnet of the relay. To make its armature, we file 
up the small piece of $oft iron till its dimensions are 
exactly i H ins. long, ^ in. thick, and % in. wide. At 
one extremity of this piece of iron we drill on the 
two edges, at -jV in. from the top, two holes, one on 
each side, exactly in a line with each other y with a 
^V-in- drill, to the depth of about y^* of an inch. At 
the other extremity — across the wide face, and at 
about -^ths of an inch from the bottom edge — ^we 
place a piece of platinum wire, and having bent the 
ends thereof round to the thin edges, we solder the 
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platinum to the rim at these edges only. We now 
make a bracket in which to suspend this armature by 
taking a strip of brass, about -^ in. thick, % in. wide, 
and 2}i ins. bng, and binding it four times upon itself 
so as to form something like an £^ about ^ in. 
high. A pin-point % in. long is soldered to the 
centre of the lower right-hand projection. A hole is 
then drilled in the upper projection, exactly opposite 
the pin-point, and into this hole is fitted a i^r-in. metal 
screw, the extremity of which must be tapered to a 
very fine point by filing. In the centre of the left- 
hand projection is also drilled a hole, to take a small 
wood screw. Standing this bracket in front of him, 
with the point and screw facing him, the operator puts 
the armature (with the platinum wire to the left) with 
the under hole on the pin point He then screws 
down the upper screw until it enters into the upper 
hole — so that on lifting the bracket the armature can 
swing freely on the two points. Although it is 
possible to mount the relay on the base board direct, 
it is more convenient, for after regulation, to assemble 
the parts on a little separate base of its own ; and for 
this purpose a little square piece of cigar-box wood, 
about 2^ ins. x 2% ins., will be found most suitable. 
At each of the four corners is to be inserted a small 
telephone terminal, and under the right-hand terminal, 
previous to screwing down, is placed a short piece of 
No. 24 copper wire, which is passed round the head of 
the screw with which the bracket carrying the arma- 
ture is to be fastened to the base — also to the right, 
and just below the terminal. The electro-magnet is 
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now to be placed across the little base, with its 
platinum button facing the platinum wire crossing 
the face of the armature. A strap of leather or thin 
ebonite is now placed over the centre of the bobbin, 
when a screw put through each end of the strap will 
hold the bobbin firmly in its position on the base. A 
piece of No. 24 copper wire is now cleaned, and one 
end pushed in between the wires of the electro- 
magnet, at the flush end, whence it is brought up and 
passed under the flange of the top left-haqd terminal, 
which is then screwed down upon it One of the ends 
of the No. 36 wire wrapped round the bobbin is then 
brought under the left-hand lower terminal, the other 
end being in like manner connected to the right-hand 
lower terminal. It is needless to point out that, to 
ensure good electrical contact, these ends must be 
bared of their silken covering, and be well cleaned 
with emery paper, before being screwed up under 
the shanks of the terminals. Fig. 17 shows the re- 
lay ; («) is the electro-magnet, (Jf) the armature with 
its bracket, and Fig. 18 A the parts assembled on the 
base. 

To make the coherer we take our empty little cart- 
ridge case and polish the inside perfectly bright by 
means of a small rounded stick and a little emery. To 
the centre of the closed end we solder a 4-inch length 
of No. 18 bare copper wire. To the open end we fit a 
little stopper cut out of any hard wood, which should 
enter into the case to a depth of ^\ in. only. Through 
the centre of this stopper we drill a small hole, to 
admit with tight fit of the insertion of one end of 
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another 4-inch length of copper wire. This latter wire 
should be so i^x pushed in the stopper as to reach 
to within J^ in. of the bottom of the cartridge ca.se. 
Having for securit/s sake given another final polish 
with the emery stick to the interior of the case, we pour 
in some fresh clean nickel filings (or failing nickel, iron 
filings) until the case is about half-full. The greatest 
care must be taken that the filings be free from rust 
or grease. The stopper is now inserted. This com- 
pletes the coherer, which is shown in section at Fig. 
18 B. We can now proceed to assemble the parts on 
the base board. Removing the hangers (if any) from 
the back of the bell, we place this horizontally on the 
top right-hand corner of the vertical board, with the 
little bob (which forms the hammer of the bell) down- 
wards, and at 6 ins. from either end of the board 
In this position it is fastened to the upright board by 
means of two i-inch wood screws^ inserted from the 
back. The relay is now fastened to the same upright 
by a screw put through from the front, near the 
centre of the top edge. It should be placed at the 
top left-hand comer. The screw should not be driven 
quite tightly home until the relay has been adjusted 
at Its best position ; that is> with the armature swing- 
ing just clear of the platinum-tipped pole of the 
electro-magnet. Two terminals are inserted in the 
base board, just below the level of the bell, at 3 ins. 
on each side of the bell hammer. The coherer wires 
are inserted in the holes in the terminals, and the wires 
adjusted so that the hammer of the bell only just clears 
the tube of the coherer; so that when the bell rings, 
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the hammer, in falling back, taps lightly on the tube, 
and thus acts as a decoherer. A wire taken from the 
right-handed terminal of the relay bobbin is also 
inserted into the hole in the left-hand coherer 
terminal, which is then screwed up tight A 
similar piece of wire is inserted in the right-hand 
coherer terminal, and brought to a terminal inserted 
near the bottom of the left-hand comer of the upright 
board. Two terminals are now inserted in the top 
edge of the upright — one to the left and the other 




Fig. 19. 

to the right, at about i in. from each extremity. A 
wire is brought from the top right-hand terminal on 
the relay to the corresponding terminal on the edge 
of the upright board. A second wire is made to con- 
nect the top right-hand terminal of the relay to the 
top right-hand terminal of the bell ; finally, a third 
wire is brought from the top right-hand terminal on 
the edge of upright to the lower terminal of bell. Fig. 
19 shows the receiver mounted. To put it ready for 
action, one of the dry cells is connected up by wires 
to the relay terminals A and B ; while the other cell 
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is connected to the bell terminals on the edge of the 
board, at C and D. As it is essential that no metal 
should be in front of the coherer, these two cells may 
be pbced at the sides c^ the base board, or behind it 

S25. The enthusiastic amateur, having made the 
wireless set desqribed in the previous sections, will 
find no difficulty in setting up the different portions 
of the apparatus, so as to cause it to work. However, 
for the benefit of those who have not had previous 
experience in this subject, and also to enable them 
to perform other experiments besides mere signalling, 
we propose here to give a very brief summary of the 
causes which produce the effects, and then to pass 
to the consideration of the applications to which these 
effects may be put 

§ 26. If by any means we give a charge of electricity 
to (or raise the potential of) an insulated body, we 
alter the electrical condition of all the surrounding 
bodies in a degree which bears a proportion to their 
vicinity. If the charge be given gradually, the effects 
are also gradual, and not easily recognisable ; but if 
the charge be suddenly given, or as suddenly t^- 
moved, the effects are more readily noticeable. As 
an example, suppose we gently depressed a board on 
the surface of a still pond, and as gently put pressure 
upon it, hardly any indications would show themselves 
(in the shape of ripples or waves) that any pressure 
had been placed on the water: whereas, if a small 
stone were suddenly thrown into the water, a series 
of waves, in the shape of rings, starting from the point 
of impact of the stone with the water, would give im- 
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mediate evidence of the disturbance of the molecular 
condition of the water. It must be borne in mind that, 
in the case of electric waves^ these are simply the 
effects of stress piit upon the surrounding non-con- 
ducting medium, and are not electricity conducted by 
the medium. Just in the same way as waves in 
water can do work in striking against objects within 
their reach, so these electric waves can and do effect 
changes in the condition of surrounding bodies with 
which they may come in contact. One of the most 
striking of these effects is that of altering the electrical 
conductivity of bodies which are in loose mechanical 
contact It is on this property that the power of 
signalling to a distance without wires is chiefly due. 
Let us fit a small glass tube« with a cork at each end, 
and push two pieces of clean copper wire through the 
corks until they nearly meet at the centre of the tube, 
leaving, say, about \i ia gap between. If now we 
remove one of the corks, and having nearly filled the 
tube with medium-fine filings^ either of brass, iron, 
nickel, etc., we re-insert the cork, we shall find, if we 
connect this tube (by its wires) in circuit with a 
Leclanch6 cell and a common galvanometer, that very 
little current will pass. If, now, while things are in 
this condition, a charged Leyden jar be discharged in 
the neighbourhood of this tube, even at the distance 
of several feet, a marked change will come over the 
conductivity of the filings in the tube ; and the gal- 
vanometer will, by its greatly increased deflection, 
denote the passage of a much larger current of 
electricity. In fact, the electric wave, on striking the 
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filings contained in the tube, arranges them in a set 
position, causes them to cohere slightly, and thus 
allows the current from the battery to pass to the 
galvanometer. But the slightest motion imparted to 
the filings, the merest tap or jolt, suffices to destroy 
this coherence, and lower the conductivity of the 
filings to its original point. On the application of 
these two simple facts the whole of the phenomena 
known as ** wireless telegraphy " depends. 

§ 27. In the preceding sections we gave directions 
for the construction of the transmitting apparatus. 
To use this properly, the operator will place his 
battery and coil on a convenient level table, and con- 
nect the battery, tapping-key, and primary terminals 
of coil, in series, with one another, as shown in Fig. 20 
(to the right of the illustration). He will then connect, 
by two well-insulated wires, not touching the tabhy the 
secondary terminal of the coil to the terminals on 
the oscillator. If he is using a i-in. spark coil, the two 
smaller side balls should be adjusted so that they stand 
at about ^ in. clear of the central ball on each side. 
On depressing the key, so as to make contact between 
battery and coil, the clapper of the coil should immedi- 
ately start into action, and a virtually continuous 
stream of sparks should flow between the three balls 
of the oscillator. Should this not be the case, the dis- 
tance between the balls and the adjustment of the con- 
tact-breaker of the coil should be altered until this 
result is unfailingly attained. The next step is to 
ascertain which side of the oscillator is connected to 
the terminal of highest potential of the coil. This will 
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vary according to the relative connection of coil to 
battery, so that having once ascertained this point, it 
wiD be well to mark the battery and coil terminal, so 
as to be certain of always coupling-up in the same way. 
This can easily be ascertained- as follows. Let an 
assistant depress the tapping-key, and while it is 
depressed, let the operator present his knuckle, first to 
the right-hand, and then to the left-hand wire pro- 
jecting from the smaller balls on the oscillator. On 
one side he will obtain no spark ; on the other he will 
perceive a thin, short spark, and feel a slight pricking 
sensation. This latter is of higher potential ; and we 
will, for the future, call it the " positive " side. (The 
operator should not depress the key himself, nor yet 
come into contact with the assistant while he does 
so, otherwise he may receive a smart shock). Having 
ascertained which is the positive side of the oscillator, 
he will attach to it a metal rod (a common brass stair- 
rod will do nicely), by standing the rod upright against 
the wire projecting from the smaller ball on that side, 
and fastening it to the said wire, by two or three turns 
of any fine binding wire. The foot of this rod should 
be insulated by placing a little bit of sheet ebonite or 
glass between its extremity and the surface of the 
base board <rf the oscillator. Or, if the operator 
desires to be very elabwate, he may turn up a little 
circular stand in ebonite, like one-half of a cotton-reel, 
and having put a hole nearly through this at its centre, 
drive the end of the stair-rod into the hole This rod 
is technically known as a "sky rod," and serves to 
present a larger radiant, etc., for the electric waves set 
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up, than IS afforded by the balls alone. In like 
manner, by means of a thin wire, a chain, etc, the 
opposite side of the oscillator is connected to earth. 
These connections are shown to the left hand of our 
Fig. 20. 

§28. The transmitting portion being thus set up, 
we can turn our attention to adjusting the receiver. 
We will suppose that we make our first experiments in 
a room, although the apparatus described will work 
well through a distance of a mile or more if actuated 
by an inch spark-coil. We begin by placing the 
receiver at the farthest extremity of the room, 
opposite that at which we have set up the transmitter, 
with the coherer facing the transmitter balls. We 
then adjust the little square carrying the relay so that 
the armature just clears the pole of the electro- 
magnet We then connect up the bell cell (the one to 
the right in Fig. 19, p. 53) to the two terminals on the 
top edge of the board. If the connections on the 
board have been properly made, it will be found that 
if we cause the armature to touch the pole of the 
electro-magnet the bell will immediately ring. This 
adjustment being satisfactorily made, we couple up the 
left-hand cell (see Fig. 19, p. 53) through the lower 
terminals on relay to the coherer, and back to cell 
We now see that the little ball or hammer that strikes 
the bell gong just clears the coherer, and just touches 
it if the hammer-shank be sprung and allowed to fall 
back. This adjustment is essential, since, if the ball 
rests on the tube the ring will be thuddy and defec- 
tive ; if it clears the tube by too much the coherer will 
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not decohere, and the bell will go on ringing, instead 
of giving a clean stroke or blow for each signal. The 
next step is to put the receiver "in tune" with the 
transmitter. Beg^inning at a distance of about lo ft, 
produce a spark between the transmitter balls by a 
sharp tap on the tapping-key. (A spark of J/^ in. 
should suffice at lo ft. distance.) If the bell rings, 
well and good; if not, place a stair-rod (or similar 
piece of copper wire) resting against the left-hand 
terminal of coherer, and also on the table. Now try 
another spark. If it still does not ring, either lengthen 
the spark gap slightly, or tie (with fine wire) another 
"sky rod" to the central terminal of relay-coherer 
battery, letting the rod point upwards. The distance 
between the transmitter and receiver may be increased 
to almost any extent ; but in proportion as the distance! 
between the two increases, so must tlie lengths of the 
sky rods or "wings," afiRxed to the transmitter and 
receiver respectively, be increased. An increase in 
the spark gap between the transmitter balls also in- 
creases the penetrative power. It is hardly necessary 
to remark here that, in order to avoid accidentally run- 
ning down the batteries or polarising the relay, it is 
advisable never to leave the batteries connected when 
not signalling. In signalling by bell, two modes may 
be adopted. First, by a pre-arranged code of rings, 
?uch as — 

One stroke ... „, ••• I return. 

Two strokes Have a chop ready. 

Three strokes Detained on business. 

Six strokes in three separate j England expects every 

sets of two each J man to do his duty. 

Etc., etc. 
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Or, secondly, by a succession of taps and trembles to 
take the place of the " dot and dash " symbols of the 
Morse alphabet When the key of the transmitter is 
kept down, an almost continuous flow of sparks occurs 
at the transmitter balls, and this produces a continuous 
tremble of the bell in the receiver. This is equivalent 
to a dash " — " in the Morse system. If, on the 
contrary, the tapper be sharply tapped, and as sharply 
allowed to spring back, only one spark is produced 
between the balls, and the bell responds by one stroke 
only, which is equivalent to the dot (" • *') of the Morse 
system. For the benefit of those who prefer to signal 
alphabetically rather than by d. code, we subjoin a 
table of the a£cepted Morse alphabet : — 

A . «. N _ . 

B ^ • . • O ««.««. «. 

D Q 

1^ • • ■■■■ • 9 • • • 

G . T _ 

I • • V • • • ^^ 

J . «_ w 

IV ^^ • ^HM ^ ^^ • • . mm 

M _ _ Z . 

S 2g. It is possible with this same apparatus to light 
a lamp, or lamps, at a distance. To show this effect, 
the operator will disconnect the bell battery (the one 
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to the right) from the terminals C and D. He will 
also disconnect the wire which starts from the upper 
right-hand terminal of relay from its attachment to 
the upper bell terminal Having procured a suitable 
four-volt lamp, he will arrange this on any con- 
venient stand or holder, and attach the wire just re- 
moved from the bell terminal to one loop of the lamp. 
Putting a four-volt accumulator in the place of the 
dry cell just disconnected, he will connect one pole of 
this by a wire to the terminal C of the receiver, the 
other pole being connected by a wire to the free loop 
of the lamp. Now, on causing a spark to pass at the 
transmitter, the coherer will act, and pull up the relay 
armature, which, making contact between the acounu- 
lator and lamp, will cause the latter to glow. The 
lamp can be put out at will by tapping the coherer 
with a light pencil, etc 

§ 30. In precisely similar manner, substituting a fuse 
for the lamp, a charge of powder may be exploded, 
a mine fired, or a ship blown up at any distance from 
the transmitter, provided the receiver is within the 
range of the electric waves set up. To make the fuse, 
take a piece of No. 20 d.c.c. copper wire, 12 ins. long. 
Bare its two extremities for a length of about ^ in. 
Double the wire in the centre, so that the bared ends 
lie level with each other. Get a piece of rattan cane, 
% in. diameter, % in. long. Make two fine holes side 
by side up its centre, about J^ in. apart. Push the 
bared ends of the wire through, so that they project 
J^ in. Twist up the longer ends into a tight twist, 
apd sever and bare them at the junction, where they 
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must be kept separate from each other. Now solder 
a tiny bit of No. 42 German silver wire (about -^^ ^) 
across the two short bared wires which project through 
the cane. Wrap one turn of stamp paper round the 
cane, so as to make a little cartridge ^bout ^ in. long ; 
stick the edge down. When dry, put a few grains of 
fine gunpowder in the cartridge — ^just enough to cover 
the cross wire, and fold in the paper so that the 
powder shall not fall out. If this fuse be put in the 
place of the lamp in the last experiment, attached 
to the accumulator and relay by the bared ends 
at the long twisted extremity, when the spark passes 
between the transmittjer baUs the fuse will be fired. 



A COIL FOR IGNITION PURPOSES. 

§31. Many of our readers are possessors of some 
form of automobile; and, doubtless, they have had 
trouble with the ignition arrangement Since the 
disagreeable and untimely breakdowns which occur 
are very often dependent on the coil and its attach- 
ments, we give the following details for the construc- 
tion of one of the best forms of sparking coil for 
ignition purposes, which, if carefully carried out, will 
enable the reader not only to make, if desired, but to 
repair any such coil if occasion demands. 

At the end of the article we give the dimensions, 
gauges, and weights of wire required for constructing 
ignition coils of two sizes ; one, capable of producing 
an inch spark in air, suitable for large motor-cars, and 
?uiother, giving ^-in. to >^-in. spark? under like coa- 
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ditions and output, which is ample for small cars or 
for motor-bicycles. 

§ 32. A few words as to the mode in which a coil 
acts will enable the amateur to proceed about his work 
in an intelligent manner. If two wires, P and S, are 
lying side by side, but not in electrical contact with 
one another, and a current of electricity be sent 
through P at the moment of making and of breaking 
contact with the source of current, " induced " currents 
are set up in S, one in the contrary direction to the 
exciting current at the instant of making contact, 
and another in the same direction as the original or 
" primary" current at the instant of breaking contact. 
If the two wires p and S be of exactly the same length 
and diameter, the primary and secondary or ** induced " 
currents will have very nearly the same value in volts 
and amperes (pressure and quantity), except only the 
inevitable loss caused by distance, leakage, and resist- 
ance. But if we coil P into a spiral cyhndrical form, 
and over it coil S in the shape of a very much finer 
and longer wire, we shall find that the E.M.F. or volts 
set up in S will increase in proportion as the number of 
convolutions of S exceed those of P ; while, at the same 
time, the quantity of current, in amperes, will decrease 
in like ratio. Another peculiarity that we shall notice, 
when the wire is wound spirally, is that the coils of 
P react inductively on themselves, so that at the instant 
of breaking contact with the source of electricity, a 
momentary current is set up in P. It must be noted 
that all these effects are transient, and no results are 
to be observed, except only at the instants of making 
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and breaking contact The presence of a soft iron 
(wire) cor^ placed in the centre of the helix of wire 
P, greatly heightens all these= effects simply by con- 
centrating the magnetic held about the coils, instead 
of pennitting it to stray. It must be borne in mind 
that the self -induced current set up in P at the moment 
of contact being broken, is in such a direction as to 
annul the effect produced on S, so that unless some 
means be employed to take up this " self-induction " , 
current it will be found impossible to get long sparks 
from s. The device usually employed for this purpose 
is called a " condenser!* 

% 33. To make, therefore, an efficient sparking coil 
the following parts are essential : (a) An iron core to 
concentrate the lines of force set up by the battery 
current ; (fi) a coil of comparatively coarse wire (called 
the " primary ") wrapped round this core, through which 
momentary currents can be sent ; (c) a coil of very fine 
wire (known as ''the secondary") surrounding the 
primary ; (d) a condenser for taking up the self-induc- 
tion current of the primary ; this consists of a number 
of sheets of tinfoil interleaved with paraffined paper 
or other insulating material; (e) an arrangement 
whereby contact can be rapidly made and broken 
between the source of electricity and the two ends of 
the primary wire. 

S 34. The Iron Core.— This should be made of 
the best annealed soft iron wire, No. 22 B.W.G., 
straightened out, and cut into exact lengths, as given 
at the end of this article, and sufficient in number to 
make up a solid cylinder of the diameter specified In 
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order to make a truly cylindrical core it will be well 
to procure two brass rings, the internal diameter of 
which is precisely that of the proposed core, to serve 
as gauges of the diameter ; then nearly fill one ring 
with the straightened iron wires, place the other ring 
on the opposite extremity, and carefully fill up the 
space by pushing wires in from one end until the 
rings are a tight fit As the wire, under this treatment, 
becomes slightly hardened, it is well to anneal it 
For this purpose the cylinder, with its brass ring at 
each end, is wrapped tightly round with some fine 
"binding" wire in the space between the two rings. 
The core is then placed in a clear red fire, and allowed 
to remain there until the fire has gone out and got 
quite cold The core is then carefully removed, any 
ashes blown away, one ring removed, and then bound 
tightly from one end to the other with spirally over- 
lapping turns of strong white tape, about ^ in. wide ; 
the binding wire and the ring at the opposite end being 
removed as the winding on of the tape progresses. 
The tape must be pulled as tightly, and made to lap 
at the edges as evenly, as possible. On arriving at the 
end of the core, opposite to that at which the binding 
commenced, the tape must be neatly and strongly 
stitched down to its subjacent turn (of tape), and the 
superfluity cut off square with the end of the core. 
When, by these means, a perfectly straight, firm, and 
cylindrical rod has been produced, the entire core is 
plunged into a vessel containing melted paraffin wax, 
and after remaining therein until thoroughly per- 
meated (which can be known by the cessation of air- 
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bubbles) withdrawn, and allowed to drain while stand- 
ing in a vertical position. 

§ 35. Winding the Primary forms the next opera- 
tion. For this purpose the operator takes a hank of 
the wire of the gauge and weight hereafter mentioned, 
and laying one end of the wire at about yi of an inch 
from the extremity of the core, ties it firmly to the 
core by means of a piece of strong silk twist. Three 
or four inches of wire should be allowed to project over 




Fig. 21. 

the tie for future connection to terminals. Fig. 21 
shows the core with the wire tied on ready for winding. 
Taking the core in his left hand, with the hank of 
wire to his right, the operator winds tightly, evenly, 
and closely, until he reaehes to within ^ in. of the 
other end of the core. Here, without letting go the 
wire (which would uncoil), he ties it tightly, as before, 
to this extremity of the core. Continuing the winding, 
always in the same direction, he winds back over the 
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layer he has just laid on» with the greatest care to 
ensure tightness, evenness, and closeness. In fact, 
when the two layers have been wound on, they should 
lie as evenly as the turns of cotton on a reel When 
the two layers have been satisfactorily wound on, the 
finishing end of the second layer should be very firmly 
tied down to the layer below by a turn or two of silk 
twist at the opposite diameter at which the starting 
wire stands. The tying the ends, the tight and even 
winding, are essential points to prevent the wire slip- 
ping during after-manipulations ; so the core, when 
wound, should be perfectly hard, and the wire covering 
not grazed or bared at any place. The terminating 
wire should now be cut off, leaving, however, a length 
of about three or four inches free for after-attachment 
to terminal, etc The primary being thus completed, 
it will be advisable to insulate once again ; either by 
placing the entire wound core in melted paraffin wax 
as before, or by painting over the coils, especially at 
the extremities, with several coats of good shellac 
varnish, allowing each coat to dry thoroughly hard 
before applying the next. We can now proceed to — 
§ 36. Winding the Secondary.— To effect this 
we cut a strip of stout brown paper of the same width 
as the wound core, and of sufficient length to make 
seven complete turns thereon if rolled tightly round. 
This strip of brown paper should be allowed to stand 
in melted paraffin wax until bubbles are no longer 
extricated. Taking it by one end, it is then to be 
rolled tightly and evenly round the wound core, so as 
to form thereon a solid, firm, and truly cylindrical tube. 
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Should thef operator find any difficulty in getting the 
paper to lie smoothly, or to adhere together at the 
termination, he will find his labour facilitated by hold- 
ing a hot iron at a little distance from the paper, which, 
by melting the parafiin, will render the paper at once 
pliant and adhesive. If the extreme edges of the 
paper evince any tendency to detach from the layer 
below, or to curl back, the application of a little shellac 
varnish along the inner edge will cause it to adhere. 
While this is drying, the operator will prepare some 
paraffined paper,' both for the insulation of the succes- 
sive layers of secondary wire and for the construction 
of the condenser. He will choose any good, rather 
thin, white paper, perfectly free from holes or thin 
places. (That white wrapping paper known as 
" Demy," which is sold in sheets about 22 x 18 ins., 
will do nicely.) A perfectly clean flat tin dish is placed 
vwer any gentle heat, and in the dish is placed sufficient 
good clean paraffin wax to cover the dish to the 
depth of yi in. when the wax is melted. The paper 
is then drawn, sheet by sheet, through this melted 
paraffin, held up by one edge to allow it to drain back 
into the dish, and, finally, hung up by one comer to 
set By drawing the paper over the edg^e of the dish 
when removing from the paraffin, the excess of wax 
can generally be removed ; should, however, the paper 
be unevenly coated at any place, it will be advisable to 
place the coated paper between two sheets of white 
blotting-paper and go over it with a moderately hot 
iron (not so hot as to scorch the blotting-paper), which 
wiO effectually remove any superfluity. When the 

Digitized by VjOOQIC 



70 TUB AMATEUR ELECTRJCTAIPS WORKSHOP. 

paper has thus been prepared, it must be cut into 
long strips of the same width as the wound 
primary, but of increasii^ lengths to perjnit 
of each strip encircling the succeeding layers of 
secondary, the circumference of which perforce in- 
creases with the number of layers laid on. As it 
would be almost impossible to wind on the fine wire 
which constitutes the secondary by hand alone, it 
will be necessary to rig up a little winder, to enable 
the operator to do this smoothly and evenly. Two 
wooden uprights fastened to a base, with a rod 
passing through two opposite holes in the lower 
portion to support the bobbin on which the wire is 
wound off, and with two opposite slits to admit the 
passage of the support and crank for the core, will 
serve every purpose. To sling the core and primary, 
so as to enable it to be rotated between these stand- 
ards, it will be necessary to drive a 2-in. French nail 
centrally to the depth of about an inch into the iron 
core at one end. At the other a piece of brass wire 
about yi in. diameter and 8 ins. long, bent into the 
shape of a cranked handle, thinned and flattened by 
filing at one extremity, is driven in between the wires 
of the core as centrally as possible, also to the depth 
of about an inch. The entire core can now be slung 
between the slits in the uprights, and winding pro- 
ceeded with by placing the bobbin of wire on the 
lower rod, as shown at A, Fig 22. As the secondary 
wire is very fine, and easily broken, it is advisable to 
start the winding of the secondary with two or 
three turns of a coarser wire, say, No. 28 silk- 
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covered copper, leaving, as in starting the primary, two 
or three inches free for attachment to terminals* etc 
The starting wire should be tied to the brown paper 
tube with silk twist to prevent slipping. When a turn 
or two of this coarser wire has been laid on, starting at 
about half-an-inch from the end of the tube, the end 
shoold be bared of covering, and soldered to the start- 




Fig. 22. 

ing end of the fine wire on the reel below. The 
soldered joint should be carefully covered with a fold 
of paraffined paper, and then, by turning the handle, 
the fine wire carefully wound on to the brown paper 
tube as evenly and closely as possible, taking the 
greatest care to avoid kinks, loose places, or the wire 
overriding a previous turn. If a break should occur, 
the broken ends must be bared of covering and then 



Digitized by VjOOQIC 



72' THB AMATEUR ELECTRICIAN^ S WORKSHOP. 

joined by soldering', rosin alone being used as flux, 
and the juncture neatly re-covered with fine silk. 
When the winding has reached to within ^ in. of the 
end of the core, the operator will take a strip of the' 
paraffined paper sufficiently long to go once round 
the coil and lap a little over, and roll it carefully round 
the coiled wire, allowing the continuation of the wire 
to pass out between the edges of the sheet, where 
it laps over, in a line with the last coil below. This 
paper must be drawn tightly and smoothly over the 
coil of wire below, and fastened down by holding 
a warm iron against it, so as to melt the paraffin 
wax. Continuing to rotate the handle (always in 
the same direction), the operator will wind another 
layer on the paraffined paper towards the end from 
which he originally started, until he reaches to 
within nearly half-an-inch of the end. (N.B. — ^With 
each succeeding layer of wire laid on he will 
diminish the number of turns by two or three at 
each end, so as to avoid any tendency of sparking 
down towards the wire first laid on.) In precisely the 
same manner as above described, he will wrap this 
second layer round with paraffined paper and fasten 
down by warming as before, and so on, layer after 
layer, until the full amount of wire specified hereafter 
has been wound on. This, according to the operator's 
neatness in winding, will mean from 33 to 35 layers. 
As we require to bring the starting and terminating 
ends of the wire out at opposite extremities of the coil, 
we must manage the winding so as to get on an uneven 
number of layers. To prevent accidental breakage of 
f 
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the fine wire, we end off as we begun, by soldering a 
piece of coarser wire to the end of the fine wire, and 
finish off by two or three turns of the coarser wire, 
which we tie down as previously recommended. If 
these two coarse ends be coiled round a French nail 
(or any other convenient rod) into a little helix they 
are easily got at, and yet are out of the way. The 
wound secondary must now be carefully covered over 
with about a dozen turns of paraffined paper drawn 
round as tightly as possible, and bound round in 
several places with strong silk twist The whole coil 




Fig. 23. 

should now be removed from between the standards, 
the nail and the crank withdrawn, and be placed in a 
vessel contedning clean melted paraffin wax until 
thoroughly permeated, then reared up on end to dndn 
and cooL The paraffin used for these purposes should 
be of the best hard quality, and should have been pre- 
viously melted once over dried powdered chalk (to 
remove acidity), and then decanted off from the chalk. 
Before proceeding to make the condenser it will be 
well to connect up the beginning pf the primary wire 

F 
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to the beginning of the secondary. For this purpose 
the ends of the wires are drawn out straight (see 
Fig. 23), and a portion of the primary wire A bared of 
its covering near the iron core. The end of the 
secondary at S is likewise bared, and wound round the 
bared part of the primary and neatly soldered to- 
gether, using rosin as the flux. The joined portion 
should be neatly overwound with fine silk, and a coat 
of shellac varnish given to the covering. Finally, the 
termination of the secondary wire S' having been also 
straightened out, sufficient melted paraffin wax is 
poured in and allowed to set, first at one end, and then 
at the other, of the wound coil, to fill up level and 
flush any interstices which may have been left by the 
draining away of the paraffin. We can now proceed 
with — 

§ 37. Making the Condenser.— For this purpose 
we cut 60 sheets of tinfoil, about 4 ins. x 3 ins. if for 
the smaller-sized coil, and about 5 ins. X 4 ins. if for 
the larger, all exactly the same size and truly rect- 
angular, also about 66 sheets of paraffined paper, i in. 
lai^er each way — namely, 5 ins. x 4 ins. in the 
former, or 6 ins. x 5 ins. in the latter case. 
We divide the tinfoil into two sets of 30 sheets 
each, and having laid the sheets squarely and evenly 
on one another, we fold over one side, along the wider 
edge for a depth of about ^ of an inch, and with a 
smooth knife-blade press tightly down. With a fairly 
stout darning-needle, threaded with No. 30 bare 
copper wire, we stitch these leaves together, at about 
^ in. from the edge, and having twisted the ends of 
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the stitdiing-wire together, we cut it oflF, leaving about 
3 ins. protruding, for after-connection to coil and 
terminal. By this means we shall have produced two 
booklets of tinfoil consisting of 30 sheets each. Three 
sheets of paraffined paper are then placed squarely 
over each other on a level table, with the narrow edge 
facing the operator, who then places one tinfoil book 
to his left, and the other to the right. Opening the 
left-hand book at the end sheet, be lays this tinfoil on 
the triple sheet of paper so as to leave an equal margin 
of paper all round, except along the edge, where the 
"back" of the tinfoil book is. Over this he places 
another sheet of paraffined paper, perfectly square with 
the one below. He now proceeds to the right-hand 
tinfoil book, and lays the first page of that over the 
second paraffined paper, leaving as before a clear 
margin of paper all round, except along the right-hand 
edge, which is alongside the " back " of the right-hand 
book. In this manner, placing alternately paraffined 
paper left-hand tinfoil, paraffined paper and right- 
hand tinfoil, he proceeds until the whole sixty sheets 
have been alternated with paraffined paper. Two or 
three sheets of paraffined paper are then placed 
squarely over the last tinfoil, then a square of white 
blotting-paper of the same size, and finally a fairly 
warm iron (hot enough to melt the paraffin wax, but 
not to scorch the upper paper) is placed on the blot- 
ting-paper and allowed to remain on till cold. This 
will squeeze out any superfluity of paraffin wax and 
make the whole into a solid block. Cafe must be 
taken to avoid, as far as possible, any superfluous 
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paraffin getting on the two lateral extensions of tin- 
foil. By turning the " backs " a little upwards before 
placing the iron on, this can be prevented. If when 
cold the blotting-paper sticks to the iron, it can be 
detached either by gently warming the iron before a 
fire, or else by passing a flat knife-blade between the 
iron and the blotting-paper. The same applies to 
any adhesion to the table below. The finished con- 
denser should now be cautiously and gently bent to 
the same curvature as the outside of the wound coil, 
the two tinfoil edges being parallel to the length 
of the coil. The best way to bend the condenser into 
this shape without cracking the tinfoil, is to get a 
cylindrical glass bottle of about the same size as the 
coil, warm it, and applying the condenser to its surface, 
gently coax it round the bottle, until it has acquired 
the desired curvature. Fig. 24 shows the completed 
condenser (with its projecting wires) bent into this 
form. 

§38. Connecting Coil to Condenser is the 
next task. As it is of the highest importance that the 
condenser be well insulated from the coil proper, it will 
be advisable to put a turn or two of thin ^-in. sheet 
ebonite round the coil before fastening the condenser 
thereto. When this has been done the condenser is laid 
with its concavity against the convexity of the coil, at 
equal distance from each end and with its two wires 
protruding at the same end as the primary wires of the 
coil.; When in this position it should be firmly lashed 
to the coil by binding round from end to end with 
rather wide silk ribbon, wound on spirally, neatly and 
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tightly, and stitched down at the ends. The coil now 
shows five projecting wires, one at one end and four 
at the other. It will be remembered that at this latter 
end we had ahready joined the beginnings of the 
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primary and secondary together (see Fi^. 23, S and A). 
We now proceed to bare the primary wire B at about 
X in. from the coil, and having twisted one of the free 
condenser wires round it, we make a neat joint by 
soldering. All these soldered joints should be covered 
with &ne india-rubber tubing, or, failing this, be 
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wrapped round with a turn or two of thin indta-rubber 
tape. The coil at this extremity has now three dis- 
tinct wire ends (see Fig. 25). This completes the 
construction of the coil proper ; all that now remains 
to be done is to fit into some kind of case. 

§39. Mounting the Coil and. Fitting the 
Terminals. — It is really immaterial whether the coil 
be enclosed in a cylindrical case, as in the French type 
of coils, or whether in a square one, as in some of the 
English ; what is essential is, that the coil itself should 
be thoroughly protected from damp or injury, and that 
the wires which come through to terminals should be 
thoroughly insulated from each other. For this latter 
reason the two extremities or "heads'* of the coil- 
case should be of ebonite; and to hold the screws well 
these heads should be not less than ^ in. in thickness. 
We shall describe the mode of mounting in a cylin- 
drical case, as being somewhat the neater. A piece 
of ebonite tube about I in. longer than the length of 
the completed coil and of sufficient inside diameter to 
admit the coil sliding easily into it is selected (this 
should be J^ in. thick). Two ebonite heads of ^ to. sub- 
stance must now be turned up so as to fit closely mto the 
two ends of this tube, a shoulder of about J/^-in. depth 
being left, so as to prevent the heads dropping right 
into the tube. Four terminals, with central screws 
and double nuts, as shown at Fig. 26, are now pro- 
cured. In the screw-heads of each of these a little 
pin is inserted at a, with a view to prevent the screw 
turning when the nut b is tightened. At three equidis- 
tant points around the circumference of the ebonite 
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head which will fit over the three-wire extremity of 
the coil, and as near to the edge as the inner diameter 
of the tube will permit, holes must be drilled to admit 
the shanks of die screws, and these holes should them- 
selves be cojuntersunk, on the inner surfaces^ to allow 
the heads of the screws a to lie flush. We now turn 
to the head which is to fit over that extremity at which 
the single secondary wire S' (Fig. 23) projects. Here 
only one countersunk hole is required, and this must 
also be near the edge, the object being to keep this 
*'live" end of the secondary from passing anywhere 
near the iron core, for fear it might spark down to 
it For this same reason care must be taken 
in joining up the primary wire end to termi- 
nals, that the three wires neither cross nor even come 
near each other or the iron core. Close by the side 
of the countersunk holes through which the terminals 
pass, fine holes must be drilled clean through the 
ebonite heads, to allow the different wires to pass 
through, as all connections will be made on the outside. 
In order to fasten the heads on the tube, two or three 
small holes, to take small screws^ must be drilled 
through the tube at each extremity, reaching into the 
edges of the heads where they enter the tube. All 
this preliminary fitting being done, the respective 
heads and the position of their screw-holes marked, 
the operator proceeds to put the whole together 
Beginning at the single wire end (the secondary wire), 
he threads this wire through the fine hole, places the 
screw through the larger countersunk hole, and puts 
the coil in the tube and fits the head in position, taking 

Digitized by VjOOQIC 



8o THE AMATEUR ELECTRICIAl^ S WORKSHOP. 

care that the secondary wire comes straight up through 
tlie fine hole and distant from the core. By means of 
the little side screws he fastens the head on at this 
extremity. Baring tfie projecting wire at this end, he 
curls it once or twice round the bottom of the project- 
ing screw. Over, this he runs down the nut *, which 
he screws down tightly so as to clench the wire. Any 
superfluity of wire must now be cut off. Finally, the 



+v 




milled-head nut c is put in its place. He will now 
support the coil upright, in a vertical position, with 
the closed end downwards, and for future reference 
make some distinctive mark so as to know wires belong 
to condenser, to primary, etc. He will call A second- 
ary, B primary and condenser. Having drawn these 
three wires straight up so as to be opposite their 
respective holes in the head, he will pour in sufficient 
melted paraffin wax (not too hot, so a$ ngt to injure 
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the ebonite tube) to fill in all interstices between coil 
and condenser, and reach near up to the level of the 
head when inserted When this is cold and set, he 
threads the three wire ends through their respective 
holes, puts in the screws> puts the head in position, 
bares and cleans the three ends of wire, and grips 
them under the hexagon nuts b precisely as previously 
described The milled-head nuts are now run on, the 
head fastened down by the side screws, and the letters 
A, K, and B marked by the side of their respective 
terminals. The coil is now complete and ready for 
work. When required for use, the terminals A and K 
are connected directly to battery or accumulator, tak- 
ing care that the polarity of cell be such as to render 
the terminal S' positive (see Fig. 27). When the 
correct polarity has been fotmd it will be well to mark 
the terminal which should be connected with the 
positive wire of the battery with a +. If the cells or 
battery be properly connected to these terminals 
a spark can be drawn from the terminal S, 
by a knuckle presented to it every time contact is 
made and btoken by a wire between K and B. By 
means of two separate wires the terminals K and B 
are connected up to the " mechanical break," as shown 
at M B. The terminal S' is connected to the ignition 
plug. As the sttarting end of the secondary is con- 
nected to A, and thence through battery and primary 
to B, this latter being in its turn connected to frame 
of engine at the mechanical break If B, it is evident 
that when contact is made and broken at M B, the 
spark of the secondary can complete it^ circuit by 

Digitized by VjOOQIC 



82 THE AMATEUR ELECTRfCIAN^S WORKSHOP. 

leaping across the spark-gap in the plug to the metal 
of the cylinder, and thence home again through M B. 
i 40 Annexed is a table of the dimensions, gauge of 
wires, etc., required in the construction of these two 
coils: — 



For Coil to give |-iii. For Coil to oivs i-ik. 
MATERIALS. Spark. Spark. 

Iron wire coro ... .^ 4 in. long by | in. diameter... 6 in. long by i in. diameter. 

Primary wire, d. c. c. about { lb. No. ao about 6 ox. No. to. 

Paraffin wax ilb sib. 

Secondary wire | lb. No. 38 stlk>covered ... x lb. N0.38 silk-covored. 

Tinfoil lib „ ftlb. 

Ebonite tube •« ••. 510. long^.. m. m 7 in. long. 



HOW TO MAKE A LINESMAN'S DETECTOR, WITH 
TWO COILS. 

§ 4L A galvanometer, capable of indicating the 
presence of currents of considerable quantity (in 
ampires), or of fairly high pressure (in volts), is 
an invaluable instrument, not only to the electric 
bell fitter and telegraphist, but also to the practical 
electrician in general, as it enables him to ascertain 
the state of his battery and connections, as well as 
the presence or absence of leakage in the circuit. 

The following directions will enable any worker, who 
is gifted with a little patience and neatness, to make 
up an instrument of this class, which, if purchased, 
would cost at least 30s, for about as many pence. 
The materials required are one or two empty cigar- 
boxes (cedar, if possible, as this takes a good polish), 
some thin sheet-brass (about 3 ins. by 6 ins.), not 
more than ^ in. thick, a yard or two of No. 20 d.cc. 
copper wire, one ounce of No. 36 silk-covered copper 
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Wire, three Post Office pattern terminals, a few No. 
6 sewing needles, a strip of sheet brass about 3 ins. 
long, \ in. wide, ^ in thick, a few small wood screws, 
one ^in. metal screw, a narrow strip of thin sheet- 
steel (out of a pair of stays will do nicely), about 
\ in. wide, \ in. thick, 3 ins. long ; a sheet of clear glass, 
about 3 ins. by 4 ins., from which will be cut the glass 
front of the case ; a piece of white cardboard for the 
dial, a little solder, and a strip of the thinnest pos- 




FiG. 28. 

sible sheet aluminium (for the pointer or index). 
Furnished with these, the operator will begin by 
making a case out of the cigar-box wood, which 
should be about \ in. thick, the outside dimensions of 
which should be 3 J ins. in height, 3 ins. wide, by 
If ins. deep. These should be neatly glued together 
along the four edges with good hot glue, and clamped 
squarely together till quite dry, so as to ensure the 
parallelism of the sides and also of the top and 
bottom, as shown at Fig. 28. Four little strips of 



Digitized by VjOOQIC 



84 THE AMATEUR ELECTRICIAN'S WORKSHOP, 

similar wood, \ in. thick and \ in. wide, are now pre- 
pared of such lengths as to fit accurately in the in- 
side edges of the case, just flush with its edges. 
These are glued in position, care being taken to 
" break joint " with the junctions of the case itself. 
A " back " of deal, or better, of American " white- 
wood," \ in, thick, 3 J ins. long by 2f ins. wide, is now 
planed up to fit accurately into the opposite end of 
the box or case. This may be temporarily put in 
(but not fastened), and the box, after having been 
lightly sand-papered to remove any adhering super- 
fluous glue, or other dirt, should be polished or 
varnished on the outside only. A piece of good, clear 
glass is now cut to fit easily into the case (the back 
being removed). This will form a front 3^ ins. long 
by 2f ins. wide, and should not exceed ^ in. in thick- 
ness. Four more strips of cigar-box, \ in., \ in. thick, 
should now be prepared, and varnished or polished, 
and then cut of such lengths as to fit accurately 
against the four sides of the box. These pieces are 
then brushed over with a little thin, hot glue, on the 
wider side, and fitted against the sides of the box, 
close to glass, so as to retain this latter firmly in place. 
(Care should be had in doing this not to soil the glass 
front with glue.) 

The next step is to make the brass frame on which 
the two coils are to be wound. To this end, we take 
a strip of our thin brass sheet, and cut from it two 
pieces 2 ins. long, f in. wide, and two other pieces 2 ins. 
long, I ins. wide, at the upper and lower end, but ex- 
tending on one side into half-moon-shaped lugs, about 
\ in. wide, as shown at Fig. 29, a and b. Each of these 
pieces is then slit down the middle to a depth of if 
ins., and a piece \ in. wide cut out of eacph, as shown 
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in ouf Fig. The side lugs are then bent up at right 
angles, where indicated by the dotted lines. Three 
strips of thin sheet-brass are now cut, \ in. wide-— two 
being Jin. long, and one being if ins. long. This 
latter is inserted into the slots cut in the pieces a and 
^, and soldered thereto, kee^ping the flanged pieces 
on the outside and the straight pieces in the inside, 
with a space of J in. between the inner ones, and of 
i in. between the outer ones. In like manner, the 
remaining two ^-in. pieces are lowered into the slots 
(at the unsoldered ends) to a depth of a good ^ in. 




i 



i 



i 
i 




Fig. 29* 

and soldered there — leaving the central portion open 
at this end, as shown in Fig. 30, A. We then take a 
piece of silk ribbon i in. wide, and wrap one turn 
tightly round the gaps between b and B, and also 
betweji c C over the strips just soldered in. This is 
done to prevent the edges of the strips from cutting 
into the insulation of the wires to be wound on the 
frame. For the same reason it is well to glue a J-in. 
strip of the same ribbon on the inside faces of the 
frame, care being taken not to encroach on the open- 
ing in the same, in which the magnetic needle will 
afterwards have to play. 
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This done, we wind the space, b B, with one layer 
(about eleven turns) of our No. 2od.c.c. wire, beginning 
at the top left-hand corner of ^, and ending against the 
flange at the right-hand corner. About 3 ins. ot wire 
should be left free at these extremities for after-con- 
nection to terminals. To prevent uncoiling, both 
these extremities should be tied down firmly to the 
frame by means of a bit of silk twist. The side, b B, 
having been thus wound, the side, c C, is in like man- 
ner wound with the No. 36 silk-covered copper, in 
fifteen layers, each of thirty-one turns, as neatly and 



3 A C 




Fig. 30. 



Fig. 31. 



evenly as possible, starting against the left flange of 
c, and ending against the right-hsxiA flange. As 
before, the extremities should project about 3 ins., 
and be fastened to the frame by tying with silk twist. 
The free extremities of these wires are now to be 
bared of their covering, by scraping with a pen- 
knife, to within \ in. of the brass frame, and the two 
inner ones (viz., one No. 20 and one No. 36) twisted 
neatly together and lightly soldered-, as shown at 
Fig. 31. 
§ 42. We now proceed to make and mount a small 
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magnetic needle from our piece of thin stay-steel. 
Taking hold of a piece of this by a pair of pincers, 
we heat it for a few seconds over the flame of a spirit 
lamp, so as to soften it. We allow it to cool gradually, 
and then file it up into the shape of a lozenge, \\ ins. 
long, -j^ in. wide at its centre. Exactly in the centre 
we drill or punch a minute hole, that will just allow 
one of our No. 6 needles to pass through it We 
then heat our lozenge once again to a dull-red, and, 
while hot, drop it into cold water to harden it again. 
Having wiped and dried our lozenge, we sand-paper it 
all over, and magnetise it by stroking it from end to 
end (always beginning the strokes at the same end, 
and lifting off at the other) with the bare pole of a 
bar-magnet. We make, with a sharp, straight pin, 
a hole f in. deep in a piece of flat, soft wood ; we 
then put a No. 6 needle through the central hole in 
our lozenge, and stand the whole upright on our 
piece of wood — the needle-point entering for exactly 
f in. in the pinhole just made. Taking care that this 
needle stands perfectly upright, we moisten the needle 
and the lozenge where they meet with a single drop 
of soldering fluid, and solder the needle to the 
lozenge with the smallest possible speck of solder. 
The needle (with its magnetised lozenge) should then 
be removed from the wooden block, rinsed, and dried, 
to prevent rusting. The mounted magnetised lozenge 
should present the appearance, and have the dimen- 
sions, shown at Fig. 32. To make the bracket which 
supports the needle and magnet that has to play 
between the two coils on the wound frame, we cut 
two strips of our ^in. brass — one i^ ins. long, the 
other 21ns. long. These must be filed up truly 
square at the edges, nearly \ in. wide, so as to enter 
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freely in the gap between the two wound bobbins on 
the brass frame. The upper extremities of both 
pieces are then slightly rounded, and a T^y-in. hole 
put through the centre of the top of each (while they 
are held clamped together) at about ^ in. from the 
edge. The longer strip is now bent twice at right 
", the first bend occurring at 



angles, thus, 

-^ in. from the unpierced end, and the second at \ in. 
from the pierced end. These two pieces are then 
laid one on the other, with the pierced holes in 
perfect alignment one with another — the two limbs 
parallel, and two holes put through both in the 




«^ 



Fig. 33. 



Fig. 33. 



shorter bend, of which one is to take a tV^"« metal 
screw, and the other a small wood screw, as shown 
in section at Fig. 33, where the magnetised lozenge is 
shown in position, with its pivoting needle resting be- 
tween the two holes, a and b. This latter hole is then 
somewhat enlarged, by riming out, to take a small 
glass pivot, made by drawing out a piece of ^in. 
glass tube into a cone, over the flame of a spirit 
lamp, and cutting off the pointed end with a small 
triangular file. This coned-glass pivot is inserted 
with its pointed end at ^, and fastened into the hole 
with a trace of seccotine — care being taken ntA to 
allow any of this cement to enter into the pivot, as 
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this would entirely destroy the freedom of the motion 
of the pivoting needle. 

§ 43. We can now fit the parts together. We begin 
by screwing the wound frame, Fig. 31, to the white- 
wood back, with its slot central and parallel with the 
longer sides of the back, the top of the said frame 
(where the projecting wirings are) being J in. from 
the top or narrower edge of the back. The screws 
that fasten the frame down should be round-headed 
brass ones and not exceed J in. in the shanks. They 
are to be put through the holes marked H H in Figs. 
30 and 31. We then make a little depression with a 
small bradawl, or a similar point, in the centre of the 
wood back, between the slot in the frame. This is to 
allow the pivot, *, Fig. 33, to rest in. We then let the 
bracket. Fig. 33, with its pivoted magnet, down be- 
tween the slot in the brass frame, with the glass pivot 
resting in the depression just made, and screw it on 
the back by the wood screw — taking care that the 
pivoting needle is in the exact centre of the slot, and 
that the magnetised lozenge does not touch the brass 
frame at any part, but can revolve in the space be- 
tween the coils with a clearance of \\n, on either 
side. 

Before going farther we must ascertain how much 
of the eye-end of the needle must be broken off, to 
allow the " back " to be inserted in the case without 
the needle actually touching the glass front. This 
will be as nearly as possible half an inch, but can 
be ascertained exactly by lowering the glazed case 
over the back and measuring the depth required. 
The needle must be broken off at its eye-end by 
holding between the jaws of a small pair of nippers, 
and giving the eye-end a sharp bend. The needle 

G 
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should then clear the glass by -^ in., not more^ otherwise 
it will work out of the pivot at the other end when 
the instrument stands vertically. The next operation 
consists in cutting out a square of white cardboard, 
to fit easily in the case, and to rest on the inner 
beading over the glass front. Having found where 
the pivoting needle touches this, we strike out from 
this point, as a centre, a circle 2 J ins. in diameter, 
then an inner semicircle of only i^ ins. in diameter 
on the half. This we ink in, and divide into 90^ on 
each side of a central line. We then punch out with 
a wad punch a f-in. hole at the centre of the circle, 
through which the broken end of the pivoting needle 
may pass and protrude. With a little good, hot glue 
we proceed to attach this graded card to the coiled 
bobbins of the brass frame, taking care that the card 
stands perfectly squarely and centrally, so that the 
case can be fitted over it with ease. The card should 
be slightly weighted on its upper surface to keep it 
flaty until the glue is quite dry. 

A little index, or pointer, 2 ins. long, terminating in 
a point at one end, and widening to \ in. at the other 
or lower extremity, should now be cut out of thin 
sheet-aluminium, or, failing this, out of stiff, glazed 
black papfer. A pin-prick is put through the centre of 
this to admit the broken end of the needle. By insert- 
ing temporarily a little piece of wood in the hollow 
space between the wound bobbins, the magnetised 
lozenge is held in a line with the slot, the pointer put 
on the end of the needle, wide end downward, and 
fastened in that position to the needle, at a distance of 
\ in. from the graded card, by means of a mere trace 
of warmed seccotine, which must be allowed to dry 
thoroughly before the little wood stay is removed. 
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If this has been nicely done, and the "back " be hetd 
vertically, the point of the index should stand at O^ 
on the cardboard dial. All that now remains to be 
done is to insert the three terminals (and a ring if 
desired) in the top of the case, and to connect the 
former to the three wire ends coming from the wound 
bobbins. Iri order to do this in such a manner 
that the case can be opened for repairs, etc., without 
having to unsolder or cut any wires, the following 
will be found a good plan : — 

Having put three equidistant holes in the top of 





n 


p 



Fig. 34. 

the case, at fin. from the front, lin. apart, the 
operator will make three small nuts to go on the 
shanks of the terminals that will fit in these holes ; 
he will also cut out six metal strips, \ in. wide 
and about i^ins. long, from the -j^-in. brass sheet, 
and put a small hole through the top of each. 
Having put the terminals in their respective holes, 
he causes their shanks to enter into the holes in their 
respective brass strips (which must point outwardly, 
towards the back of the case), run on the nuts, and 
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tighten up firmly. He then bends the strips down^ 
wards, at right angles, so that they press firmly 
against the back when this is inserted in place. He 
notes where these springy strips press on the back, and 
here he screws down the other three strips, gripping 
under the heads of the holding-down screws the 
three wires coming from the wound bobbins. To 
further ensure a good rubbing contact, the tongues of 
these last three strips may be bent slightly forwards,, 
and any superfluity extending beyond the top edge of 
the back cut off flush (see Fig. 34). The back is then 
pushed in its place and fastened in by inserting a 
brass flat-headed screw in each side and at the 
bottom. A ring-screw may be inserted through the 
case into the back if desired. The left-hand and 
middle terminal will indicate quantity ; the middle 
and right hand will show the tension or pressure of 
current 
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Action of coil, 64 

Adjustment of receiver, 59 

Alphabet, the Morse, 61 

Amalgamation, 22 

Annealing, 32, 66 

Annatm«^ 6 

•9 bearings, 11 
I, for relay, 49 
» laminated, 2 
„ spindle, 7 
n winding of, 12 



B 
Base for coil, 25, 37 
M )) motor, 10 
n „ rday^SO 
$t >» wireless telegraph, 
46 
Batteries, dry, for motor, 15 
» Lalande-Chaperon, 17 
M primary, 17 
Catteiy, bichromate, 14 

» ideal conditions for, 15 

» for motor, *I4 

49 for wuvlcss telegraph, 41 



Battery, zmc for, 19 

„ zinc, plates for, 19, 22 
Bearings for armature, 11 
Brass knobs, 44 

„ tube for commutator, 8 
Brushes, commutator, 12 



Capacity of cell, 21, 23 
Carbon plates, 22 
Care in using sulphuric add, 24 
Cartridge-case for coherer, 51 
Case for 8parking<oQ, 78 
Caustic soda solution, 20 

„ „ „ to make, 20 

Cell, capacity of, 21, 23 

» chromic add, 22 

„ cover for, 17 

„ discharge rate of, 21 

„ E.M.F. of, 21, 23 

„ Lalande-Chaperon, 17 
Cells, glass jars for, 1 7 

„ needed for coil, 40 

„ vaseline for, 20 
Chaperon's cell, 17 
Chromic acid cell, 22 
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Coherer* 51 

M cartridge case finr, 51 
Coil, action of, 64 
„ base for, as, 37 
„ fitting, 39, 76 
„ induction, 24, 63 
„ Rnhmkorff, 24, 63 
„ sparking, for motors, 63 
», wires for, 25, 82 
Coils, peculiarity of, '64 
„ winding primary, 33, 66 
„ winding secondary, 34, 68 
Commutator, 8 

M brushes, 12 

M proper position for, 

10 
Condenser, 27, 74 

„ curved, 76 

„ insulation of, 76 

Conditions for an ideal battery, 15 
Contact-breaker, 29 
Copper oxide paste, z8 
„ „ plate, 18 
Core, iron, 32, 65 
Cover for cell, 17 
Curved condeoser, 76 



Deoohsrkr, 52 
Detector, Linesman's, 82 
Discharge rate of cell, ai 
Dry batteries for motor, 15 



EUECTUC waves, 55 
£lectro*magnet for rday, 49 
Electro-motor, necessary qualities 

for, I 
E.M.F.of€eU, 21, 23 



Fisto magnet, 2 

„ „ winding, 3, $ 
Filings for coherer, 52 
Fitting coU, 39, 76 

„ motor, 14 

„ wireless telegraph parts, 5$ 
Fuse, firing by wireless telegraphy^ 

63 



Gauos of wires, table of, 82 
Glass jars for cells, 17 



Induction coil, 24, 63 
Insulation of condenser an coil, 76 
Iron core, 32, 65 
Iron, soft, 2, 6» 32, 65 
„ tails, 25 



Jars, glass, for cells, 17 

K 
Kbt, tiHpping, 41 

Lalands-Chaprron cell, 17 
Laminations for armature, 6 
„ "Tripolar,"6 
Lamp, to light by wireless tele^ 
graphy, 61 



Digitized by VjOOQIC 



JNDSX. 



M 

Magnet, field, 2 

„ „ winding, 3, 5 

„ for relay, 49 
Materials necessary, 2, 23, 65, 82 
Milk tins, use of old, 6 
Morse alphabet, 6z 
Motor, coil for, 63 

„ dry batteries for, 15 

„ electro, i 

„ fitting, 14 

„ ignition, 63 

„ necessary qualities for, i 



Oscillators, 44, 58 
Oxide, copper, 18 



Paper, paraffining, 27, li 
Paraffin, quality of, 73 
Paraffining battery cover, 17 

„ paper, 27, 75 
Paste, copper oxide, 18 
Peculiarity of coils, 64 
Phenomena of wireless telegraph, 

54 
Plate, copper oxide, 18 
Plates, carbon, 22 
Platinum point, 39 
Primary battery, 17 



Receiver, 46 

„ to tune, 60 

Regulation of brass knobs, 57 



Relay, 47 

„ armature for, 49 
Ruhmkorff coH, 24, 63 



Signalling by bell, 60 
Sky-rods, 58 
Soft iron, 2, 6, 32, 65 
Sparking-coil, case for, 78 

„ „ for motors, 63 
Spindle of armature, 7 
Spring, tuning, 30 
Sulphuric add, care in using, 24 



Table of gauge of wires, 82 
Tapping-key, 41 
Telegraph, wireless, 40 
Tinfoil, 27, 74 
Transmitter balls, 44 
Transmitting arrangement, 41 
** Tripolar " laminations, 6 
Tuning receiver, 60 
„ spring, 30 



U 
Use of old milk tins, 6 



Vaseline for ceUs, 20 
Vibrating hammer, 38 
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Watb motion, 40, 55 
Winding pximary, 3s, 66 

„ secondary, 54, 68 
Wireless telegraph, 40 

„ bstfefor,46 
battery for, 

„ „ firing lose, 6a 

„ „ how to use, 

54 
„ n lighting lamp, 

61 
^, „ oscillations, 

44»5« 



Wirdess tdegimph, phenomena of, 

54 
„ „ receiver, 46 

•» ,. rday, 47 

„ „ sky-rods, 58 

M „ tapping, key, 

4« 

,y „ transmitter 

balls, 44 
Wires for coil, 25, 8a 



Zinc plates for battery, 19, 23 
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MODERN DYNAMOS 
AND BATTERIES. . . 

FOR AMATEURS AND STUDENTai 

WMi Pull GonstructioBal Details and Workiaf Dnwlnci 
for IfUking DfuamM, Motors. Cells, Batterks^ Hcastirlnt 
Itttlrttmento and other Accessories, together with Carcf tillT 
SCltcted Qucstioiu enabling the Student to Test his 
Knowledge from time to time. 

S^tcimlfy writim U mui iks rgquiremgttis ^HU City tmd GmiUt ^ 
LwUtam Intiitmt€*s Exmtft^uUi^m, 

By S. R, BOTTONE. 

Cr. 8vo, 192 psCM, 134 Illustrations, Cloth, 2/6 n«l: 
post free, 2/9. 

SECTIONS FOI TNE PRACTICAL AMATEUR. 

mum le uaxm a simfib iobm of cbll-how to make a OAanu 

CKIi -mom 10 UAME A BUHBIK CELL-XOW TO IIAKB A CillBOllin 
AOm BATTBBT.-HOW TO KAME A DAT OUL.-XOW TO KAKI A 

mmB A]aiREB.-Hoir to makb a ooppib ▼oltambtib.-bow 

ID MAO A BSPVL8Z0V FORK OF AMKBTUL-BOW TO KAKI A 
iCUUIOIDAL YOLTiaTBB.-HOir TO UAME A BOLBMOIDAX* AMMimL 
-BOW TO MAKB A KAOHBTO-DTVAlCa-HOW TO MAKB A ftALVA- 
mMlIBB.>HOir TO KAME A MODEL OISBOnOK IllDZCATOm.-X0W 
TO MASS A FATTlBir FOA CASTIlia.-«OW TO IIAKB A S5-VQLT 
O f tE Tl Fg OXUM DTXAMO. 

%* Special attention has been prtn to the limitations imposed upon 
the average amateur hy the want of elaborau toou; so that 
Karly all the apjparatus and machines described can be made, by 
anyone possessed of a little perseverance, with the toob usually 
found in the amateur's home. 

PRESS NOTICES. 

" Mr. Guilbert Pitman is rendering valuable service to a very Urge 
■■d ever-widenmg constituency by his technical publications. They 
•re produced with the utmost care, are all usefully indexed, helpfully 
Ulastrated, and are the work of men who are recognised as experts on 
the subjects they handle. One of the latest of these valuable liooks Is 
' Modem Dynamos and Batteries,' and the author has done his work 
very thoroughly."— ^i;«!i(^r«i WtMy Ttlegra^ 
, " The author has treated the subject in a manner that will commend 
iMlf for simplicity and accuracy."— JVnvcof/ilr Daily CkranuU, 
^"Unquestionably a very useftil work."— IPtftf/bfr BndgeU 
" Will prove most valuaUe to the amateur electridao." 

Lmid^ Evt$ttmg Sgwi, 

OVILBBBT PrmAN, 86, FLEET STREET, LONDON. E.C. 
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AMATEUR'S COMPANION 
TO THE WORKSHOP, j* 

Being m cotUction of pracHaU Artides and 
*^ SuagesHons for the use of Anuteuf Workers, 
ineutcUng dektdtd Instructions for the Home 
Construction of EtectHaJ snd other Models 
tend Apps^Atus, forming entertaining and 
useful recreations for spare hours* 

"Tilt bow cMUMl poMlblT ttaad always bant* 
Nor caa humxa aatiira aabaiat withoitt ftcreatloa." 

CERVAVIT1S» 
BT 
•. R. BOTTOM!, i. H. WOOLFITT. 

R. A. R. Bbnnbtt. M.A., F. A. Draper. ^ 

Thi Editor op " The Enqinebrinq Worlo.*- 

AND OTHIRtT 

Anateor^ will find this book instromenUI io 
famishing fresh and asefni saggestlons to lie 
carried out in the workshop, and more particu- 
larly In providing suitable models and appara* 
tus to be made with special reference t^ their 
ability to yield satisfactory results In the hands 
of the iunlor electrician; and tto this end the 
minutest detolis are given as to the way to set 
about their construction, which in no case is 
beyond the powers of the ordinary amateur. 

Copiousfy Mustraied h carefully 
prepared Working Dravfings. • • 
Among the various Articles are :— 

SMALL electro-motors. 

A CAMERA OB8CURA. 

AN AMERICAN AERIAL YACHT. 

AN ELECTRIC.8HOCKINQ NMiCHINfc 

MODEL TELEGRAPHIC INSTRUMENTSL 

STORAGE BATTERIES. 

ELECTROTYPINa 

AN ELECTRIC - BELL INDICATOR.^ 

A SPARK-COIL AND CONDENSER. 

TWO KINDS OF ELECTRICAL MACHINES. £tCt Ht. 

GtSvOb smugly bomd is cIoUi.prioel/S act; poitfrec^l/a 
GUILBERT PITMAN, 85. FLEET STREET. LONDON, E.C. 
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BOTTONE*S 

IGNITION DEVICES 

FOR GAS AND 
PETROL MOTORS. 

With M ChMpiep frtMHng specUU^ of 

STRUCTURAL DETAILS, CHOICE, AND* 
• MANAGEMENT OF AUTOMOBILES. . 

Fully Illustrated. 

Ctoth, 2/6 iMt; pott frM^ 2/B. 



COmiBNDATIONS FROM VELL-KNOVN PAPERS i~ 

" Mr. & R. Bottone's little ^lume on * Ignition Devices for 
Gas and Petrol Motors' will be found very interesting to the 
amateur who is intelligent enough to wish to know something 
about the en^e which drives his launch, his motor-car, or 
his bicycle. The preliminary section is devoted to a useful- 
disquisition on the ch(Mce and management of automobiles, 
with well-ananged information as to their structural details. 
This chapter is alone worth the half-crown demanded for this 
book."— From the Westminster GazetU, 

" Of such a character as to make the work almost indis» 
pcnsable."— From the Manchester Couritr, 

"Another book that should he added to the library." 

From the Review of Reviews > 

"This little handbook will be found invaluable to all ama- 
teur electricians and automobilists interested in spark coils, 
and their workings, as well as in the other parts of an electric 
ignition system. The Author is a practical man of experience 
One of the most interesting descriptions in the book is that of 
a combination jump spark coil and dynamo of his own in* 
vention. Instructions are given for making both primary and* 
secondary spark coils. The theory of thehr working is also< 
dearly explained. An introductory chapter on the automobile 
is of oonsiderable interest'*— From the Scientific American^ 
GUHJIEBT PXTHAir, 86, FLSBT STIUEET, LONDON, E.a 
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TELEPHONES. I hr 

Translated from the Original Italian 
AND Revised by 8. R. BOTTOM E. 

«• Ok««B 8vo PMW. « Illulnti«ai. PSri0t,lBai«a, V-Mft; port flrM,«» 
CONTENTa 

Chap. I.—Honsehold TeltphOllM.— Early foita of telephone- 
Modern form — How its efficiency is increased— Micnqihone and ooB — 
*Priaciple on which they woik — M ild^'s microphone — ^Terminals, how 
coupled— Other types of household telephones— Telephones for eadstinc 
1»ell drcoits— Connections for two telephones with separate bells wim 
•cither one or two batteries— Two telephones and bells with two or three 
line wires only— Two or more sets m communication with another— 
Similar installation with iDdicat<»>— Telephones correspondmg with one 
another indifferently— Use of earth return and relays — Central tele- 
|)honic frame— Plog type of switch— Arrangement of central tdephooe 
with two or three lateral stations. 

Chap. II.— LooC-BUltailoe TeleiAlones.— Principal qualities of 
sound— Pilch, yolnme, quality (/timi^rv)— Number of vibrations of air 
f>er second for a given musical note — Amplitude of vibration — Remarks 
-on the human oigans for the production of speech — ^Theory of the echo 
— Transmission of sound by means of string, first entertained by Revs, 
Wray, Grav, and others — Graham Bell's discoveries — Experiments aw 
Edison and Hughes— Application of the coil— Gauge of primary and 
secondary wires. 

Chap. III.— lines and Btations.- Generators and bells— Internal 
•connections of apj^aratus— Telephonic currents— Causes of imperfect 
transmission-^Self-mduction- Aerial lines— Underground lines— indue- 
tion-InsulatioB— Central telenhonic stations— Arrangements for inter- 
•communication — Frsmes and switchboards^ Swiss switches ^Pia 
switches— Spring jacks— Frames for double wires— Multiple switch- 
twards— Branch multiple switchboards. 

Chap. IV.— Installation of Long-Distanee Teleplums Ap- 

paratOS.- Details of installation with single wire — Two-wire installa- 
tion— Perego's safety transformer— Eliminating induction— Electric 
" busier**- Arrangement for simultaneous telegraphy and telephony. 

Chap. V.— Failnrss and Xepalrs.—Laacage— Linesman's detec* 
ton— Localizing the defect— Subdividing the triaL«»— Testing by auxiliary 
fauteries— Leaka|:e in lead-sheathed cables— Use of the Wheatstone's 
bridf^e— Faults in the micro-telephonic apparatus— Regulating the 



receiver— Sizzling sounds. 

. VI.— Tbe Breetkm of Lightning Ck>ndnetors.— Theory 

ofdectricdischarges— Franklin's discoveries— Modem theories respect- 



Chap. VI.- 



mg hghtnmg guards— Mistaken ideas vrith regard to thunderstorms- 
Calculating the conductance of a lishtning guard— The Franklinian 
*7J*cni — Earth, or disfwrsing-plate — Melsen s multiple point system— 
Crown • t]rpe of multiple pout— Inspection of lightning conductors— 
ilints for carrying out same. 

OUILBBET PrmAN. 80, FLEET STREET. B.a 
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Sleetrie 53elh, . . . 
Jndieators ^ Jlerial Jsines. 

By UMBEBTO ZBDA. 

Translated from the original Italian and 
revised by S. R. BOTTONE. 

128 Cro%m 8vo pagts. 100 llluttrations. 
Prict, In Cloth. 2/- n«t ; post free, 2/2. 

The aathor has given great prominence to those points in 
which the Italians have introduced novelties and improve- 
ments in the usual wavs of working, and for this reason alone 
it is believed that this work will prove of much interest and 
real practical value. 

CONTENTa 

Cnaptbk I.— Description of appanta»— How an electric bell work» 
— Inttallation of bell— Electro-magnet— Armature— Gong»—ExpIana* 
tloD of circuit— Single stroke beU-^Continuous ringinglwUs— Alarm 
bells— Signalling bells— Indicating bells— Indicators— Their action— 
Ihnp indicators— Setf'repladng, pendulum, ship, and other indicators 
—Bell pitthcs and other oootacu- Burglar alarms — Automatic 



CMArrss II.— Batteries : their origin and object— Electric current 
— S.M.F.— The volt— Voltaic cell— Potential— Resistance— Conduc* 
livity— Ohm's Law— Ampere— Circuits— Leclanch^ cell— Sal ammo* 
•iac—Crseping^ Agglomerate cell— Dry cells — Amalgamation'— 
Restoring LeclanchA cell. 

CHArrBK III.— Setting up electric bells— Wiring— Leakage— Post* 
thre or negative, how ascertained — Fixing pushes— Tubing— Earth 
return— Relays— Burclar alarms— Connecdoos and diagrams of wiring 
electric bells and indicators, from the simple front door bell to tbe 
complicated connections for a complete installatioo of a large moder» 

Chaptbk IV.— Some useful electrical devices— Method of attract* 
lag attention te a supposed corpse in hospitals— J?Mf^^/tf«— Heat in- 
dieatbrs for stoves and incubators — Fire alarms — Electric locks, 
•perated from a distance — Signals tndicatin|[ change in level of wat(U 
In tanks and rivers— Use of electric light mains for bell installadoufr— 
Resistances. •% 

Ckaptbk V. — Aerial lines for bells and telephones— Supports and 
fasulaton— Protection from Ivhtntng— Wires— CondtKtivity-^ Joining 
wi r es Straining— Distance between supports— lightning arrests*^ 

OUILBERT PrrMAN, 85. FLEET STREET, LONDON, E.C. 
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burning for Beginners. 

By JAMES LUKIN, B.A., . ^ 

Auikor of ** PossiHHties of SmaU Latlus*^ 
•'Simple Decorative Lathe Work** etc.^ etc 

Cr. 8vo. Strongly Bound In Cloth. Price 1/6 net ; 
post free, 1/8. 

An excellent general treatise on the f ascl- 
iiatlng art of taming In wood and metal. The 
book Is fully Illustrated and crammed full of 
•excellent advice* not only on the question of 
how to correctly manipulate the various tooU» 
1>ut also contains much valuable information 
with regard to choice of a lathe, and the 
4iccessorles that are likely to be required by 
the novice. Many pounds may be saved In the 
^purchase of a lathe by consulting this work. 

There are 128 pages and 130 IllustFations, including 
Fourteen Plates of Examples of Turned Lattice- 
Work, Spindles, Vases, Plaques, etc. 

PRE88 OPINIONa 

" Crammed full of excellent advice."—- X^mmImi Svtitini Ifewn, 

' ' Verv clear and condse, and contains a mine of information. ' Be* 
4{inners need not be the only persons to profit bjr it." 

L^itdoH Momimg L*mdtr, 

'* Will be appreciated by amateurs."— ^Mmhn* MmckinUt. 

** Should prove of real service to amateurs, while professional crafts* 
-men as well will derive many valuable hints."— ^^ifn^rm Ftu Prtst* 

" This dainty book should ^peal to a very wide circle of young 
'men. It is indeed a wonderful yrat\i,*'-~Dun4Ue Courier, 

" The technical teict-books published by Mr. Guilbert Pitman aie 
•deservedly popular, for they are compiled on the right lines." 

*' Lavishly illustrated, intejestbg, and concise."— kS'c^/xMWMi. 

" Interesting, dear, and pcactica]."— iTilrei^r&s^. 
. '* The eaouaides of Egyptian lattaoe-woik, etc., will be very helpfal 
4iot only to the beginner, bat to the advanced lathe worker." 

/fM4 71fim«r. 

OUILBERT PITIIAN, 8S. TIBET STREET, LONDON. E.C. 
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BUSINESS BOOKS 

The latest addition to the series of well- 
known Q.P. Business Books tells how to 
advertise in a small way successfully. It 
is by the author of *' How to do More 
Business," the well-known commercial 
expert, whom The Evening News speaks of 
as **the first living: authority on the 
subject." 

« Advertising That Tells" 

i§ written in a style at once dear, concise, and forcible, by 
« shrewd business man who knows his subject thoroughly, 
«nd cannot fail to be of very great service to all tmdes- 
men. Everv page is brimful of helpful information, from 
the local distribution of circulars to the publication of 
^'The House Magazine," illustrating the true principles 
4oit building up a real and lasting business. 

The Books in this series are : — 

^* Advertising That Tells'' (20S pages). 
^'How to do More Business" (i84iMg«t). 
^'The Art of Typewriting'' (182 pages). 
** Letters that Bring Business" (128 pages).* 
^'Business Matters for Women" (128 pages). 
^*Maelaren's Systematic Memory" (96 pages). 
^' What a Business Man Ought to Know " ( 128 pp.). 

*AImo in Shorthand, 6d„ and Bsp$ranUf, is. 

The Wmhly Bndgti says :— " The technical works 
issued by Mr. Guilbert Pitman are deservedly 
popular, for they are compiled on the right lines. 

<ea6b t>ook i^ nsti. or in strong olotb lys not. Postais 94. 



GUILBERT PITMAN, 

65, Fleet Street, London, E.C. 
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The Imaaing Shorthand In America. 
No shadlni^ or position wrltln^^. 

CL The Gregg system is based on entirely different 
principles from die older methods, and its remark- 
able success, under the exacting and ever-increasing 
demands of American business life, is a forcible 
and conclusive demonstration of the soundness of 
the author*s theories. 

CL In the short period of eight years it has been 
adopted in upwards of one thousand schools in the 
United States and Canada which formerly used 
other systems — in other words, it is to-day in use in 
more schools in America than 
any other three eyeteme combined. 

ft. In the recent shorthand competitions at the New 
Zealand International Exhibition — ^at which writers 
from all parts of New Zealand were contestants — the 

Fhre Hli^heet Awards 
were won by Gregg writers. 



Wasif to Uanu Uaijf to Writei JEaBif to ReaiL 

Are you interefted? Send your name and 
address and that of your school (if any) for a hand- 
tame booklet and sample lesson, free, to 

fUHLBERT PiTMAN, 85, FLEET STREET, LONDON, E.C. 

(Formerly Manager for 20 years to Sir Isaac PitmiMi.) 
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